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PREFACE. 


The  present  work  completes  tlie  outline  of  the  Organisation 
of  the  Animal  Kingdom  which  was  begun  in  that  on  the  Inverte- 
brates.^ They  maj  be  regarded  as  parts  of  a  whole,  haying  the 
same  general  aim,  and,  together,  form  a  condensed  sunnnarj  of 
the  subjects  of  my  *  Lectures  on  Comparative  Anatomy  and 
Fhynologj,  according  to  the  Classes  of  Animals/  delivered  in  the 
Theatre  of  the  Boyal  College  of  Surgeons  of  England  in  the 
years  1852,  1853,  and  18o4. 

In  the  choice  of  facts,  as  then  and  since  acquired  by  science, 
I  have  been  guided  by  their  authenticity  and  their  applicability 
to  general  principles. 

In  the  first,  regard  has  been  had  to  the  agreement  of  several 
observers*  or  to  the  nature  of  the  fact  as  making  it  acceptable  on 
the  testimony  of  a  single  expert  Appearances  that  require  helps 
to  vision  are  those  that  call  for  multiplied  concurring  testimony, 
and  on  such  alone  are  offered  tlie  descriptions  and  illustrations  of 
the  microscopical  characters  of  '  tissues '  premised  to  most  of  the 
chapters. 

In  the  second  aim,  the  parts  and  organs,  severally  the  subjects 
oi  ihese  chapters,  are  exemplified  by  instances  selected  with  a 
view  to  guide  or  help  to  the  power  of  apprehending  the  unity 
which  underlies  the  diversity  of  animal  structures;  to  show  in 

these  structures  the  evidence  of  a  predetermining  Will,  producing 

I  Xx'etiireii  OD  the  Comparative  Aaaloiny  aud  Thysiolug)'  of  the  InvertebraU 
Aaionk,  Sro.  1843;  2ikd  ed.  Svo.  1856. 
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thein  in  reference  to  a  final  purpose ;  and  to  iudicate  the  direction 
and  degrees  in  which  organisation,  in  subserving  such  Will,  rises 
from  the  general  to  the  particular* 

Anatomy,  or  the  *  Science  of  the  Structure  of  Organised 
Bodies,'  is  primarily  divided  into  *  Phytotomy/  or  that  of  plants,  j 
and  *  Zootomy/  or  that  of  animals.  When  particular  provinces, 
classes,  or  species  of  animals  have  monopolised  the  time  and  skiQ 
of  anatomists,  such  sj)ecial  knowledges  have  received  particular 
denominations :  such  as  *  Malacotomy,'  or  anatomy  of  mollusca ;  | 
'  Entomotomy,'  or  anatomy  of  insects ;  *  Ichthyotomy/  or  anatomy 
of  fishes ;  *  Omidiotomy,*  or  anatomy  of  birds,  See, 

An  animal  may  be  dissected  in  order  to  a  knowledp^e  of  its  j 
structure,  absolutely,  without  reference  to  or  comparison  with  any 
other,  its  species  being  regarded  as  standing  alone  in  creation. 
The  knowledge  so  gained,  from  tlic  very  limitation  of  the  field  of 
enquiry,  may  be  most  accurate  and  minute,  most  valuable  in  its 
application  io  the  repair  of  accident,  the  remedy  of  injury  and 
decay,  and  the  cure  of  disease.  Such,  e.g.,  is  '  Anthropotomy,' 
or  the  anatomy  of  aian,  and  *  Hippotuaiy,'  or  that  of  the  horse. 
Besides  the  numerous  and  excellent  works  on  these  special  sub- 
jects, I  may  cite  the  *  Trait6  Anatomique  de  la  Chenille  du  Saule,' 
4to.,  1762,  by  Ltonnet  ;  the  *  Anatome  Testudinis  Europn?Be,* 
fol.,  1819,  by  BoJANUS;  the  'Anatomic  Descriptive  du  Mcioluw 
tha  vulffariMf  4tto,9 1828,  and  the  'Anatomic  Descriptive  du  Chat/ 
4to.,  2  vols.,  by  Stbaub-Durckhsih  ;  also,  in  application  of  the 
science  to  art,  *  The  Camel,  its  Anatomy,  l*roportions,  &c.,*  fol., 
1865,  by  Elijah  Walton  ;  as  unsurpassed  examples  of  this 
monographical  kind  of  anatomical  science.  As  applied  to  Man  it  I 
is  oonmsonly  called  ^  Human  Anatomy,'  and  is,  in  strictness  of  j 
specL'h,  one  uf  tlie  maniii>iJ  ways  oi  human  wuik.  I 

But  the  anatomist  may  apply  himself  to  a  pai*ticular  organ 
instead  of  a  particular  species,  either  exhaustively  in  one  animal, 
or  by  tracing  such  organ  or  system  throughout  the  animal  king^ 
dom.   The  '  Neurotomies'  and  '  Neurographies'  to  which  Joseph  . 
SwAX,  e*g*9  has  devoted  a  laborious  life,  the  '  Ostdographie  *  of  , 


Digitized  by  Google 


PREFACE. 


Dk  Blaikyillb*  and  my  own  *  Odontography,*  are  examples  of 
this  way  of  anatomy.  John  Hunter  assembled  the  evidences 
of  his  labours,  in  the  umque  and  grand  department  of  his  Museum 
ilitiatrative  of  anatomy  properly  so  called,  in  series  according  to 
the  organ,  beginning  with  the  simplest  form,  followed  in  succession 
by  the  progressively  more  complex  conditions  of  the  same  organ, 
tiie  series  culminating,  in  most  cases,  with  that  which  exists  in 
the  human  frame.  The  mechanism  of  the  organ  is  here  unfolded, 
and  its  gradations  were  compared,  to  discover  its  mode  of  work- 
ing ;  and,  as  *  Physiology  *  mainly  consists  in  such  determinations 
of  functions  or  final  aim,  this  kind  of  investigation  of  organic 
structures  might  be  termed  '  Physiological  Anatomy.' ' 

*  Homological  Anatomy '  seeks  in  the  characters  of  an  organ 
and  part  those,  chiefly  of  relative  pojsition  and  connections,  that 
guide  to  a  conclusion  manifested  by  applying  the  same  name  to 
such  part  or  organ,  so  far  as  the  determination  of  the  namesakeism 
or  homology  has  been  carried  out  in  the  animal  kingdom.  This 
aim  of  anatomy  concerns  itself  little,  if  at  all,  with  function,  and 
has  led  to  generalisations  of  high  import,  beyond  the  reach  ot  one 
who  rests  on  final  causes.  It  has  been  termed,  grandiloquently, 
*  Transcendental  *  and  *  Philosophical hut  every  kind  of  anatomy 
ought  to  be  so  pursued. as  to  deserve  the  latter  epithet, 

A  fourth  way  of  anatomy  m  that  which  takes  a  particular 
species  in  the  course  of  individual  development,  from  the  impreg- 
nated ovum,  tracing  each  organ  step  by  step  in  its  evolution  up 
to  the  adult  condition.  It  is  called  '  Embryology  '  and  '  Develop- 
mental Anatomy.' 

A  fifth  way  of  anatomy  is  that  which  investigates  the  structure 
of  an  animal  in  its  totality,  with  the  view  of  learning  how  the 
form  or  stat^  of  one  part  or  organ  is  necessitated  by  its  functional 
connections  with  another,  and  how  the  co-ordination  of  organs  is 
adapted  to  the  habits  and  sphere  of  life  of  the  species ;  but  does 

*  See  *  Descriptive  aud  lUustratetl  CutAlagiie  of  the  Physiological  Series  of  Com- 
pftntire  AnaUnnj  in  th«  Museum  of  the  Koyal  College  of  Stugvooai*  4to.  6  volt. 
18S2-1S40 ;  ind  ed.  Tol.  L  1858. 
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not  Stop  here,  having  for  its  main  end  the  comparieon  of  theee 
associated  modifications  and  interdcpendencies  of  organs  in  tdl  tihe 

species  of  aninial?.  As  their  degrees  of  atliiiiiy  and  the  characters 
and  circumscription  of  natural  groups  are  hereby  illustrated^  this 
way  may  be  termed  *  Zoological  Anatomy/ 

In  the  hands  of  the  anatomist  the  microscope  has  been  mainly 
applied  to  the  constituent  parts  of  an  organ,  called  *  tissues ;'  and 
the  results  of  such  research^  combined  with  those  of  chemical 
testSf  constitute  a  sixth  sort  of  anatomy  called  *  Histology.'  It 
has  been  termed  '  Microscopical  Anatomy/  but  this  is  essentially 
only  a  more  reiiiied  inetliod  of  the  scrutiny  of  organic  parts.  In 
so  far,  however,  as  '  Histology  *  treats  of  structure  according  to 
the  proidmate  tissues  common  to  different  organs,  it  corresponds 
with  the  branch  of  the  science  which  Bichat,  its  founder,  called, 
loosely,  *  Anatomic  Gcnerale.*' 

Finally,  a  seventh  way  in  which  the  highest  generalisations  in 
biological  science  may  be  aimed  at  is  that  which  is  taken  when 
we  pursue  inyestigations  of  form  and  structure  beyond  the  animals 
tliat  arc  to  those  that  hurc  been.  Here,  however,  the  anatoiuist 
is  limited,  as  a  rule,  to  such  tissues  and  organs  as  are  petriBable, 
e.g.,  corals,  shells,  crusts,  scales,  scutes,  bones,  and  teeth ;  but  he 
has  been  stimulated  to  a  degree  of  minuteness  and  accuracy  of 
observation  in  thi*i  field  of  research  to  which  few  of  the  other 
ways  and  aims  would  have  led  him.  In  applying  the  results  of 
such  researches  to  the  restoration  of  extinct  species,  physiology 
luis  benefited  by  the  study  of  the  relations  of  structure  to  function 
requisite  to  obtain  an  insight  into  the  food,  habitt*,  and  sphere  of 
life  of  such  s|>ecies ;  and  zoology  has  gained  an  immense  accession 
of  subjects  through  such  determinations,  with  improved  systems 
of  classification  due  to  the  expanded  surrey  of  organic  nature 
opened  out  by  '  Paljcontology.* 

The  word  *  Anatomy  *  is  still  connnouly  used  to  signify  *  Anthro- 
potomy/  or  *  Human  Anatomy/  Almost  all  begin  the  study  of 
the  science,  as  medical  students,  with  the  dissection  of  the  human 

*  AjuUomie  Q^o^nlo,  appliqut^  i  k  Phyiiologio,  &c.,  8ro.  1801. 
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le  bofly,  and  most  end  there  ;  but  no  special  anatomy  can  be  rightly 
ti  and  folly  understood  save  on  the  basis  of  the  general  science  of 

:e  which  it  is  an  integral  part.  The  reason  lies  in  the  diversities  of 
i  oiganic  structure  being  subordinated  to  a  principle  of  unity.  Of 
this  principle,  apprehended  as  an  <  idea '  or  truth  of  reason^  the 
i  iindetstanding  receives  eyidences  in  number  and  comprehen* 
I  sibility  differing  in  dillerent  natural  groups  of  tlie  animal  king- 
dom.  IllustratioTis  of  the  '  idea'  will  be  found  in  the  chapters  on 
.  the  Articulate  Province  and  other  parts  of  the  *  Lectures  on  In- 
vertebrates/ and,  in  accordance  with  the  present  phase  of  ana- 
!  tomical  science,  more  abundantly  in  the  present  \\  urk.  True  it  is 
that  in  the  first  steps  to  organisation  we  seem  to  see  a  tendency  to 
disintegration^  to  a  reduction  of  the  primary  whole  to  the  sub- 
ordinate characters  of  a  part.  The  first  centre  of  sarcode,  or 
undifferenccd  organic  matter,  however  originated,  yet  with  de- 
finite tendencies  to  formal  character  and  course  of  growth  (as  in  a 
Fonuninifer,  e.g.), buds  forth  a  second  centre  of  identical  nature; 
this  a  third,  and  so  on,  until  a  grouj)  of  such  exists  as  an  assem- 
blage of  coherent  homogeneous  or  like  parts.  These,  if  clothed  by 
a  delicate  crust  of  characteristic  structure,  constitute  a  chambered 
shell,  straight,  bent,  or  spiral,  each  chamber  occupied  by  the 
same  vital  sarcode,  outshooting  filamentary  food-getting  proccsj^es 
through  the  shell-pores ;  in  which  seeming  complexity  the  inci- 
pient unity  or  'whole*  is  reduced  to  the  '  part'  called  innermost 
chamber,  or  is  conceivable  as  a  lesser  whole  in  the  larger  one. 
The  Annelides  offer  a  familiar  example  of  such  repetitions  of  a 
primal  complexly  organised  whole,  by  successive  buddings  in  a 
linear  direction ;  the  nerve-centre,  the  muscles,  the  skeleton-seg- 
ment, perhaps  heart  and  gills,  being  regulaily  rc]icated  in  each, 
and  thereby  reducing  the  original  whole  to  one  ui  many  parts  of 
a  segmented  unity. 

Almost  every  organ  in  the  progressively  differenced  organism 
initiates  itself  under  a  similar  character  of  irrelative  repetition, 
suggestive  of  operance  akin  to  that  of  inorganic  polar  growths,  as 
in  a  group  of  crystals,  wherein  each  exemplifies  the  characters 
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of  the  minend  or  crystalline  species,  but  is  subject^  like  vital 
growths,  to  occasional  malfomiation. 

As  this  pi-inciple  of  jrrowth  by  iiiukiplication  of  lllvc  parts  is 
manifested  more  commonly  and  cxtcii^iN  ely  in  plants,  it  is  illus- 
trated in  the  *  Invertebrate  Volume'  ^  under  the  term  *  Vegetative 
Bepetition.*  In  the  vertebrate  series  it  is  exemplified  by  the 
Imndieds  of  similar  teeth  in  the  jaws  uf  many  of  that  low  class 
(i\>L-6^9)  in  which  true  dentinal  teeth  first  appear  in  the  animal 
kingdom.  The  numerous  and  similar  many-jointed  terminal  divi^ 
sions  of  the  pectoral  limbs  of  the  fishes  thence  called  '  Bays/  the 
multiplit'd  similar  endoskelctal  segments  uf  the  vertebral  column  of 
these  and  other  cartilaginous  fi&hes^  oi  mura^noids  and  serpents,  are 
likewise  lingering  exemplifications  of  the  low  irrelative  principle 
of  development 

In  the  vertebnil  embryo  the  first  aj)j)t'arance  of  the  parts  of  the 
skeleton,  in  gristle  or  bone,  is  a  segmental  one ;  in  fishes  the  mus- 
cular system  shows  much,  and  in  all  Vertebrates  a  little,  of  the 
like  segmental  constitution  of  the  trunk ;  the  same  idea  is  suggested 
by  the  symmetrical  and  parial  origins  of  the  nerves,  and  phy- 
siologists have  mentally  recognised  a  corresponding  segmental 
condition  of  the  myelon  or  spinal  chord,  which  is  visibly  exem- 
plified in  certain  fishes.  But  these  appearances  are  concealed  by 
the  general  tegument;  not  exposed,  as  in  the  Articulates,  in  which 
the  segmented  skeleton  is  at  the  same  time  tegument.  A  Veii:e- 
brate  may  be  defined  as  a  clothed  sum  of  segments.  But  in  this 
highest  province  of  the  animal  kingdom  growth  by  repetition  of 
parts  rapidly  gives  place  to  the  higher  mode  of  development  by 
their  differentiation  and  correlation  for  definite  acts  and  complex 
functions.  Nevertheless,  I  am  constrained  by  evidence  to  affirm 
that  in  the  vertebrate  as  in  the  invertebrate  series  there  is  mani- 
fested a  principle  of  development  through  pohir  relations,  work- 
ing by  repetition  of  act  and  by  multiplication  of  Uke  parts,  con- 
trolled by  an  opposite  tendency  to  diversify  the  construction  and 
enrich  it  with  all  possible  forms,  proportions,  and  mo4ification6  of 

I  Op.  at.  2im1  cd.  p.  641. 
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part«,  conducive  to  the  fulfilment  of  a  pre-uidaijicd  ijui  jiu^e  and 
a  fixml  aim ;  these  opposite  yet  reciprocally  compleuiental  factors 
co-operating  to  the  ultunate  result,  with  different  degrees  of  dis- 
turbance, yet  without  destruction,  of  the  evidences  of  the  typical 
unity.' 

Thus,  the  dentition  of  Vertebrates  will  be  seen  to  pass  from 
irrelative  sameness  and  multitude  to  the  state  in  which  the  teeth 

in  the  same  jaw  are  classed  according  to  diversities  of  form  and 
function,  and  w  iiere  each  tooth  has  its  own  character,  bears  its 
own  name  and  sjmboL 

In  like  manner  may  be  traced  the  gradations  by  which  the 
terminal  di\  i.sions  of  the  limb  ascend  from  the  multitude  of  many 
joiuted  rays,  swathed  in  a  commou  sheath  of  integument,  to  indi- 
vidual freedom,  with  reduction  of  number  and  of  joints,  and  with 
a  special  form  and  action  ;  according  to  which  each  digit  in  the 
human  hand,  e.g.,  has  its  special  name  and  symbol,  and  can  be 
combined  in  action  with  any  other  digit  for  a  particular  purpose. 
The  same  principle,  through  reduction  of  number  with  differen- 
cing of  the  parts,  is  exemplified  by  the  fact  that  the  competent 
anthro}iotomisit  will  distinguish  and  name  each  of  the  four  and 
twenty  *  true  vertebne'  of  the  human  skeleton. 

In  the  Mammalian  class  there  are  four  muscular  pulsatile 
cavities  concerned  in  the  propulsion  of  blood  ;  but  they  differ  iVom 
those  cavities  in  the  Annelide,  in  each  having  its  own  special 
structure  and  powers,  and  being  in  such  relation  with  another 
cavity  that  the  whole  can  combine  to  effect  two  complete  but 
iiuitually  related  systems  of  circulation,  the  four  pulsatile  cavities 
constituting  one  complex  and  perfect '  heart.*  The  ox  has  four 
bags  for  the  digestion  of  food ;  but  they  differ  from  those  cavities 
of  the  Poli/ffastrta,  not  only  in  their  minor  number  and  more  de- 
finite structure  as  bags,  but  by  each  perfonniug  a  distinct  part  in 
the  process  of  digestion,  and  combining  with  the  rest,  in  mutual 

'  This  id»  a  wWl  be  foand  more  fully  exemplified  in  my  work,  *  Prmcipes  d'OsUolo- 
gie  Compar«e,'  8ro.  (Parit)  1865,  p.  366,  ti  ssq. 
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jsubhcrviency,  to  the  com})leti()n  of  the  most  perfect  act  of  thai 
function,  the  conversion,  namely,  of  grass  into  flesh. 

Thus,  in  tracmg  through  the  animal  series  this  course  of  parts 
and  organs,  we  pass  from  the  many  and  the  like  to  the  few  and 

the  diverse. 

A  '  homologue '  is  a  part  or  organ  in  one  organism  so  an8we^ 
ing  to  tJiat  in  another  as  to  require  the  same  name. 

Prior  to  1843  the  term  had  been  in  use,  but  vaguely  or 
wrongly,*  *  Analogue  *  and  *  analogy '  were  more  commonly 
current  in  anatomical  works  to  signify  what  is  now  definitely 
meant  by  'homology.'  But  'analogy'  strictly 'signifies  the 
resemblance  of  two  tilings  in  their  relation  to  a  third ;  it  im- 
plies a  likeness  of  ratios.  An  *  analogue '  is  a  part  or  organ  in 
one  animal  which  has  the  same  function  as  a  part  or  organ  in 
another  animaL  A  '  homologue '  is  the  same  part  or  organ  in 
different  animals  under  every  vanety  of  form  and  function. 

In  the  Draco  volans  (VoL  I.  fig.  163)  the  fore-limbs  are 
'homologous'  with  the  wings  of  the  bird  (YoL  11.  fig.  1);  the 
parachute  is  *  analogous  '  to  them. 

iielations  of  homology  arc  of  three  kinds;  the  first  is  that 
above  defined.  When  the  '  basilar  process  of  the  occipital  bone ' 
in  Man  is  shown  to  answer  to  the  distinct  bone  called  '  basioo- 
cipitul '  in  the  fish,  the  special  hoiuoloffy  of  that  anthropotoinieal 
process  is  determined ;  as  such  homologies  are  multiplied,  the 
evidence  grows  that  man  and  fish  are  constructed  on  a  common 
type. 

•A  wider  relation  of  homology  is  that  in  which  a  part  or  scries 
of  parts  stands  to  such  general  type.  When  the  *  basilar  process 
of  the  occipital  bone '  is  determined  to  be  the  '  centrum '  of  the 

lant  cranial  vertebra^  its  ycneral  homoloyy  is  enunciated. 

The  arclietypc  skeleton  represents  the  idea  of  a  scries  of 
essentially  similar  segments  succeeding  each  other  in  the  axU 

'  '  Les  organes  (leg  sens  sont  homologues,  coiiime  s'cxpriinerait  la  philosophie 
sUemuicle ;  c*eBt4-dire,  qa*il8  ao&t  analogues  daaa  lenr  mode  de  d^eloppement.''- 
Oeof&ojr  St.  Hilaire,  Annak»  du  Seifneet  Kat^  torn.  xii.  lS2d,  p.  841. 
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of  the  body  ;  such  segments  beicg  composed  of  parts  similar  iu 
number  and  arrangement.  Accordinglj,  a  given  part  or  appen- 
dage in  one  s^ment  is  repeated  in  another,  jtist  as  one  bone  is 
represented  in  the  pkeletons  of  different  Vertebratea;  and  this 
representative  relation  in  the  segments  of  the  same  skeleton  is 
*  serial  homology.'  As»  howeTeri  the  parts  can  be  namesakes 
only  in  a  greneral  sense,  as  *  centmms,' '  ribs/  &c.,  and  since  they 
must  be  dii»tinguished  by  special  names  according  to  their  special 
modifications^  as  *  basioccipital/  *  mandible/  '  coracoid,' '  hnmeras,' 
&c.»  I  have  called  snch  serially  related  or  repeated  parts  '  homo* 
types.'  The  basioccipital  is  the  homotype  of  the  basisphenoid, 
and  the  humerus  is  the  homotype  of  the  femur :  when  the  basi- 
occipital is  shown  to  repeat  in  its  '  vertebra '  the  element  which 
the  *  odontoid  process '  represents  in  the  sncceeding  vertebra,  or 
the  basisphenoid  in  the  preceding  one^  ite  *  senal  homology '  is 
indicated. 

The  extent  to  which  serial  homologies  can  be  determined 
shows  the  degree  in  which  Tegetatave  repetition  prevails  in  the 

organisation  oi  an  animal. 

The  study  of  homologies  is  comparatively  recent ;  much  of  this 
field  of  research  remains  for  futore  eultivatorSf  especially  in 
regard  to  the  mnscnlar  and  nervons  systems. 

When  engaged  in  the  *  third  way '  of  anatomy,  and  in  making 
known  the  results  of  such  labour  as  applied  to  the  skeleton,^  I 
found  a  great  impediment  in  the  want  of  names  of  bones.  For 
these,  when  first  studied,  had  been  mostly  described  nnder  phrases 
siigsrested  by  forms,  proportions,  or  likeness  to  some  familiar 
object,  which  they  present  in  the  human  body.  A  reform  of  this 
nomeDclature  was  an  .essential  first  step,  and  it  is  gradually 
making  its  way  against  the  usual  impediments. 

The  best  workniaii  uses  the  best  tools.  Terms  are  the  tools  of 
the  teacher;  and  only  an  inferior  hand  persists  in  toiling  with  a 
dumsy  instrument  when  a  better  one  lies  within  his  reach.  But 
*he  has  been  used  to  the  other.'   Ko  doubt;  and  some  extra 

^  On  the  Archetype  and  Homologies  of  the  Vertetmte  8k«l«loiii,  Sro,  1848 ;  ftnd 
Onthel^atiireof  Limbfl»  Sro.  1849. 
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practice  necessary  to  acquire  the  kn;u"k  of  applviTipr  the  ne» 
tooL  But  iu  tills  acquifiition  a  small  capital  of  trouble  will  have 
been  inveBted  with  a  sure  return  of  kxge  piofits*  A  single  8ub> 
stantive  term  is  a  better  instrument  dt  tbougl  it  than  a  paraphrase.^ 
But  ihe  substitiition  of  such  terms  for  definitions  is  still  more 
advantageous  when  they  are  susceptible  of  becoming  adjectives  bj 
inflection.    Thus  the  term  ^aotochord'  for  ^ohorda  dorsalia'or 

*  dorsal  chord '  enables  one  to  predicate  of  species  or  groups  of 
vertebrates  as  being  *  notochordal  ;'  that  single  epithet  implying 
that  the  embryonal  body  in  question  is,  iu  them,  persistent,  A 
like  advantage  cleaves  to  ^myelon'  for  *  chorda  spinalis'  or 
' spinsl  chord;*  the  PhysiologiBt,  e.g.,  can  then  speakof 'myelonal 
functioiiri,  ami  the  Pathologist  of 'myelonal'  disease,  with  the  cer- 
tainty of  being  understood  to  signify  properties  and  ailections  o£ 
the  *  spinal  chord ;'  not>  as  in  '  spinal  disesse/  that  of  its  case,  or 
'spinal  column.'  In  regard  to  the  part  so  called  and  its  con- 
stituent *  vertebrnc,*  their  modiilcations  arc  so  manv,  so  cliarac- 
teristic,  so  important,  especially  in  the  application  of  Anatomy  to 
Pslsontology,  that  I  was  early  compelled  in  the  latter  kind  of 
labour  to  substitute  single  pliable  terms  for  the  phrases  '  trans- 
verse process,*  *  oblique  *  or  *  articular  process,'  *  body  of  the 
vertebra,'  ^  vertebral  lamina,'  '  vertebral  rib/  *  sternal  rib,* 

hj  which  the  parts  of  the  '  vertebra '  were  then  designated. 

But  the  single  names  of  parts  and  constituents  of  the  skeletal 
segment  called  *  osteoc^mnia  '  or  *  vertebra '  have  not  merely  the 
advantag^e  above  illustrated,  as  where  the  adjective  '  neurapo- 
physial '  can  be  applied  to  a  'ridge,^  notch,  or '  foramen,'  in  the 
vertebral  lamina  (neurapophysis) ;  the  vertebral  terminoloory  in 
use  iu  the  j)re8ent  Work  indicates  a  profound  truth  which,  is 
hidden  by  the  language  of  anthropotomy.  The  terms  *  pleui^ 
apophysis'  and  *  hismapophysis'  imply  parts  of  the  segment  com- 

•  * 8uperQCcipltal,*  e.^.,  for  'pars  occipitalis  strictc  sic  dicta  partis  occipitalis  oesii 
Kphpno-occipitalis  *  of  tho  eminent  anthropotomist  Sormmerikq,  (See  Tahi_«  or 
Sxiio^T^t^,  Sic,  appended  to  Vol.  II.)    Similarly,  in  th.'  prt  sent  Work,  I  use  the  warvi 

•  Vert.  Iniif .  '  as  a  substantive.  We  do  not  4»p*^k  of  a  "  Confedorata '  animal,  and  thi 
added  word  i&  as  unnecessary  in  regard  to  the  *  Vertebrate '  one. 
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lative  in  ludepcudency  of  devel<»pment  and  elemental  grade  with 
the  '  neurapophysis/ — fact  of  high  generaluation  not  only 
ignored  but  impliedly  contradicted  by  the  reckoning  of  the 
*  vertebral  rib  '  and  the  '  sternal  rib,*  or  *  rib-cartilaj]^e,'  as  bones 
distinct  from,  and  countable  with,  that  which  the  antliropotoniist 
equally  holds  to  be  a  single  bone  under  the  name  *  vertebra.' 
Fnrlhennorey  as  each  distinctly  recognisable  part  or  thing  must 
ha\  e  it^  verbal  sign,  for  the  piir|)ose3  of  intelligible  predication  uf 
its  nature  and  qualities,  the  course  of  knowledge  ot  the  vertebral 
oolnmn  would  have  enforced  the  origination  of  such  signs  irre- 
spectiye  of  the  abstract  need  of  improving  the  mental  tools  of 
anatomy. 

When  it  came  to  be  discovered  that  'the  transverse  process 
of  a  cervical  Tcrtebra'  was  other,  and  more  than,  as  well  as 

formally  ilifferent  from,  the  '  transverse  process  of  a  dorsal  ver- 
tebra,' and  that  this  process  was  a  different  thing  from  the 
'  transverse  process '  of  a  '  lumbar '  or  *  sacral  *  vertebra,  the  re- 
sults of  such  analysis  necessitated  the  creation  of  a  correspondent 

nomenclature. 

'  Transverse  processes,'  as  such,  are,  as  Johai^nes  Mullek 
first  pointed  out,  of  two  kinds ;  they  axe,  in  relation  to  hori- 
sontally  disposed  vertebrates,  *  upper'  and  *  lower' — ^in  our  no- 
menclature, *  diapophyses '  and  *  parapoplijses.'  Botli  kinds  exist 
in  the  *  transverse  processes'  of  the  neck  from  the  crocodile 
opwards;  and  the  seeming  unity  of  the  outstanding  part  in 
birds  and  manrunals  is  caused  by  the  soldering  thereto  of  a  third 
element  —  the  *  cervical  nb '  of  the  herpetotomist,  the  *  styloid 
process'  of  the  omithotomist.* 

Referring  to  the  'Introductory  Chapter'  of  the  *  Archetype 
of  the  Vertebrate  Skeleton,'*  for  further  illustrations  of  the 
advantage  of  single  well-defined  terms,  I  will  here  only  show 
how  suck  advantage  may  be  afieeted  by  reason  of  an  unsettled 
defimtion. 

The  anatomical  term  ^  organ '  has  diverge  significations.  The 

'  MacBrtney't  Art.  'Birds,'  Kees'  Cjclopaedia.  '  Op.  cit. 
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cluef  constituent  idea  is  *  work  for  a  special  end  :*  thus,  the  hesrf 

is  the  *  organ  '  of  circulation ;  the  lungs,  the  '  organ '  of  respira- 
tion; the  liver,  the  *  organ*  of  biii£cation,  &c.   But  aUoj  iucipiem  \ 
stages  in  the  development  or  formation  of  parts  are  called  tlie 

*  organs'  of  such;  e.g.,  the  periosteum  is  the  'organ  of  bone/ 
the  pulp  is  tiie  '  dentiue  organ     other  parts  of  the  growing 
complex  tooth  are  the  '  enamel  organ/  '  cement  oigan/  &c.  The 
parts  in  which  independent  cells,  with  special  powers,  originate,  ' 
are  also  called  the  'organs'  of  such;  as,  e.g.,  the  ovary  is  the 

'  organ  of  ovulation ;'  the  testis  the  '  organ  of  semination.'  It 
is  obvious,  howeverj  that  the  part  which  the  more  or  less  con- 
densed  cellular  basis,  or  *  stroma,'  of  the  ovary  or  the  testis  may 
take  in  the  production  of  the  <;cnii-cells  or  sperm-cells  and  sperma- 
tozoa is  very  different  from  tiiat  which  the  heart  performs  in  the 
motion  of  the  blood,  or  the  lungs  in  the  mutation  of  the  air  , 
inspired. 

Zoological  anatomy  is  now  an  indispensable  instrument  to  the 
classifier,  if  not  to  the  determiner,  of  the  species  of  animals»  The 
anatomist  properly  so  called,  but  commonly  qualified  as  the 

*  comparative '  one,  makes  known  the  results  and  a])plications  of 
his  comparisons  of  structure  in  zoological  as  well  as  homoiogi- 
cal  or  anatomical  works.  The  *  Hdgne  Animal '  and  the  *  Lepom 
d'Anatomie  Compar^e*  of  Cuvieb  exemplify  these  different  appU- 
cations  and  ways  of  exposition  of  his  Bcienee. 

As  a  zoologist  or  classiiier,  the  anatomist  avails  himself  of  the  , 
definite  modification  and  full  development  of  a  part  or  organ,  in- 
dicating, and  predicating  of  such  conditions  by  special  terms, 
for  the  required  characters.  The  *  fin,'  the  '  hoof,'  the  *  paw,'  the 
'  foot,'  the  '  hand,'  are  to  him  so  many  kinds  of  limbs,  the  presence 
or  absence  of  which  serve  to  differentiate  his  groups ;  anthiopo* 
tomical  tenns  of  parts  of  the  brain  reaching  their  full  and  cha- 
racteristic development  in  Mammals  or  in  Man,  e.g.,  '  furuix,' 
<  corpus  callosum,'  ^  hippocampus  minor,'  ^  posterior  cerebral  lobe,' 
&C.,  serve  and  are  used,  absolutely,  for  the  same  end;  so  likewise 
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with  regard  to  special  fomw  and  proportions  of  teeth  indicated  by 
the  tOTDB  *  canine/  '  camassial/ '  tusk/  Stc* 

The  absolute  way  in  which  the  things  or  characters  so  desig- 
nated are  affirmed  or  demed  in  zoological  definitions  is  ^sential  to 
their  porpose. 

Amongst  the  characters  by  which  Cutibb  differentiated  the 

hoofed  qiiadrujxMls  which  he  had  restored  from  their  frag- 
mentary iussii  remains  in  the  buildiiig-stone  of  Paris>  the  most 
important  in  his  estimation  was  'the  presence  of  canines'  in 
one  (Pal4Baiheri«m\  their  absence  in  the  otiier  {Anoplotluriumy 
Nevertheless,  Homological  Anatomy  easily  indicates  in  the  series 
of  nine  teeth  in  the  *  morcean  de  oonyiction/^  on  which  the 
character  was  founded,  the  teeth  answerable  to  those  which, 
hecanse  their  pointed  crowns  projected  beyond  their  neighbours 
in  the  Palaeothere,  were  called  and  characterised  as  *  canines/ 
2iow  here  was  a  temptation  to  an.  aspirant  to  scientific  notoriety 
'to  meet'  the  great  anatomist  ^by  a  flat  contradiction,'  and 
'affirm  that  the  Auoplotherium  possessed  canine  teeth.'  I  allude 
to  such  abuse  because,  of  late,  a  ])racticc  has  been  creeping 
m,  to  the  opprobrium  of  some  of  our  £nglish  zootomists,  of  repre- 
senting a  xoolo^cal  definition  of  a  part  which  an  anatomist  may 
have  given  in  a  classificatory  work,  as  the  exponent  of  his  homo- 
logical  knowledge  and  descriptions  of  such  part  in  its  various 
modifications  and  grades  of  development. 

CuTiER,  in  his  characters  of  the  order  Bimana,  affirms  that 
Man  is  the  only  animal  possessing  'hands*  and  *feet;' — 
'Lliomme  est  le  seul  animal  yraiment  Mmane  et  bipede,'*  The 
Qmutrumana  are  distinguished  as  having  '  hands'  instead  of  *  feet,* 
a  *hand'  being  defined  having  the  thumb  opposable — *  le  pouce 
libre  et  opposable  aux  autres  doigts,  qui  sont  longs  et  flexibles.'  * 

The  aim  of  the  anthor  in  the  zoological  work  above  cited  was 
to  impart  obvious  and  easily  apprehended  differential  characters 

*  'L0  plni  impoitaDt  fut  celui  qui  m'apprit  que  cette  c«piee  n'a  point  de  denU 
cwm.'»AeAavJl«f  mr  lu  Otttmm*  FuHkt,  4to.  1822,  torn.  iii.  p.  14. 

*  Ibid.  •  Rigne  Aninalt  torn.  i.  p.  70.   1829.  *  Ibid.  p.  86. 
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of  the  organ  which  observatioii  had  shown  to  define  the  gronpi. 

The  naturalist,  thus  enabled  to  place  his  subject  in  its  proper 
class  or  ordor»  is  not  ooncemed,  as  such,  in  knowing  the  homo- 
logtcal  or  transcendental  rehitions  of  the  part  or  character  which 

has  afforded  him  the  means  of  effecting  what  he  wished  to  do. 

LlNN^US,  to  whom  mainly  is  due  the  discernment  ul  the  power- 
ful instrument  of  well-defined  terms  in  acquiring  a  sjstematk 
Science  of  Nature,  and  to  whom  we  owe  our  beat  knowledge  of 
its  use,  so  named  the  guiding  parts  of  plants  and  animals,  for  such 
arbitrary  or  special  application,  in  botany  and  zoology :  to  this 
end  he  differentiates  the  'bract,'  the  'spath,'  the  'sepal,'  tlie 
'  petal,'  from  the  *  leaf,'  as  things  distinct. 

What  would  be  thought  of  the  botanical  critic  who,  quoting  tlie 
definition  of  the  flowers  of  Cyperaceous  phmts,  as  consisting,  for 
example,  of '  glumes,*  should  meet  the  statement  by  affirming  thit 
they  were  '  nothing  but  little  hracts,'  and  who,  then,  with  a  show 
of  profounder  research,  should  proceed  to  e-xp  >n]i(i  the  '  bract 
being  the  first  step  by  which  the  common  leaf  is  changed  into  t 
floral  organ  ?  The  answer  is  obvious.  But  what  next  might  be 
said,  if  it  were  pointed  (aU  that  the  objector  had  obtained  thb 
very  notion  from  the  '  Prolepsis  Plantarum,'  or  other  homologicai 
writings  of  the  author  criticised,  where  such  philosophical  coo- 
siderations,  foreign  to  the  classificatory  work,  were  the  proper  aim 
and  object?  So,  with  regard  to  the  atoologicai  dehmtions  and 
characters  of  Covier.  Those  which  I  have  cited  are  open  to  the 
opposite  averment  that,  '  The  hind  hands  "  of  the  Quadrumaiu 
are  uothiug  but  "  feet ;  "  '  and  the  contradictor  might  then  proceed 
to  <lt  itionstrate,  with  much  show  of  original  research,  the  homologv 
of  the  *  astragalus,'  '  calcaneum,'  *  cuboides,'  '  cuneiform  bones,' 
&c,  in  order  to  establish  his  discovery  that  a  hand  and  foot  aie 
all  one. 

It  is  true  that  if  the  homologicai  descriptions  in  the  '  Le9ons 
d* Anatomie  Compar^e '  had  been  quoted,  as  well  as  the  zoologicil 

definitions  in  the  *R<>gne  Animal,*  the  immortal  author  of  the 
latter  work  would  be  shown  to  have  had  previous  possession  oi 
the  pretended  discovery.    Moreover,  in  the  *  Cinquidme  Le^n, 
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Articles  VII.-IX.  "Des  os  du  pied,"*^  the  frame  of  tiie  hind 
feet  of  Man,  Ape,  Idon,  Seal,  £lephaiit,  &c.,  is  shown  to  consiBt 
of  homologous  bones.  Nevertheless  the  great  xootomist,  in  his 
labour  and  character  as  zoologist,  dues  not  hesitate  to  define  and 
differentiate  the  'foot,'  the  'band/  the  'paw/  the  ^  fin/  and  the 
*  hoof/  lespeetivelj :  nor  does  he  deem  the  demonstration  of  the 
nnitj  underlying  the  diversitj  to  make  the  *  man  *  an  '  elephant  * 
or  a  *  seal,*  any  mure  than  it  makes  him  a  *  dog '  or  an  '  ape ' ! 

The  '  corpus  callosum '  is  defined  as  ^  a  horizontal  mass  of  trans- 
verse £bres  covering  the  lateral  ventricles,  and  exposed  hj  divari* 
cating  the  cerebral  hemispheres.'  If  a  group  of  mammals  want 
such  commissural  fibres,  and  another  {rronp  possess  tlicm,  the 
<  In^sifier  will  avail  himself  of  a  well-deiined  term  expressing  such 
difference*  without  prejudice  to  his  reception  of  any  homologioal 
determination  of  the  parts,  or  their  rudiments/  in  anatomical 
works  of  the  applier  of  the  term. 

Only  by  ignoring  such  indication  of  the  'rudimental  com- 
mencement of  the  corpus  callosum/  may  a  semblance  of  superior 
knowledge  be  assumed  by  him  who  asserts,  as  an  antagonistic 
proposition  to  an  affirmation  of  its  absence  as  a  zoological  cha- 
racter, that  the  Marsupialia,  e.g.,  do  possess  the  'great  com- 
missnre,*  or '  corpus  callosum.^' 

So  likewise  with  other  well-defined  parts  of  the  human  brain, 
the  honiologues  of  which  may  not  be  traceable  to  the  same  extent 
down  the  mammalian  series.  Kuhl,  e.g.,  in  Aides  Belzebuth^* 
TiEDBMAHN  in  the  Macaque^  and  Orang,*  Yak  dsb  Eolk  and 
A'uoLiK  in  the  Chimpanzee/  and  myself  in  the  Gorilla,*  had 

'  Lemons  d' An  at.  Comparte,  toI.  i.  1799. 

•  As  gri%'en  in  the  '  Philop  phifRl  Tmnsuctions '  for  1837,  p.  41. 

•  Proceeding.s  ot  th«  Rojai  Society,  No.  72,  and  March  23,  1865. 

•  Beitrage  ziir  Zoologie  udU  vergleichenden  Auatomie,  4to.  1820,  zweite  Abtbeiluog, 
p.  70,  Taf.  fii. 

>  looDM  ew«lm  Simianim,  M.  1821,  p.  14,  llg.  iii.  8. 

•  Twwixm»,  Zntsebrift  fur  Fhyiiologw,  Bd.  ii.  S.  25,  T«f.  it. 

•  Nieuwe  Verhandfiagen  der  cnte  KUMse  TWi  hetEonioj^.  Nederkuidaehelitftitaiit. 
Amsterdam,  1849. 

•  Fiilleriiin  Ltct\ir*»««  ou  Plivsiology,  Royal  Institution  (March  18,  1861);  reported, 
with  copies  of  diagrams,  in  '  Atbemeum,'  March  23rd,  1861,  p.  395. 
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severally  shown  all  the  homologous  parts  of  the  human  eerebral 

or^au  to  exist,  under  modified  forms  and  grades  of  development, 
in  Quadrumaiuk   But  because  the  presence  or  absence  of  the 

*  eigot,*  or  ^  pes  hippocampi  minor/  as  defined  by  Tibdehai^n 
(see  Vol.  II.  p.  273  of  the  present  Work),  had  been  used  as  a 
zoolo«;ical  character,  the  anatomical  world  has  been  deluged,  smce 
the  date  of  the  last  under-cited  work,  with  descriptions  and  figures 
of  the  homologous  part  in  the  Ontng  and  other  Quadrnmanay  as  a 
new  discovery  mainly  serviceable  as  a  battery  of  contradictory 
afhrmatiuiis. 

Nevertheless  the  distinctive  characters  of  the  human  brun,  suoh 
as  the  manifold  and  complex  convolutions  of  the  cerebral  hemi* 

spheres,  their  extension  in  advance  of  the  olfactory  lobes  and 
farther  back  than  the  cerebellum,  thereby  defining  a  posterior 
lobe,  with  the  corresponding  <  horn  of  the  lateral  ventricle '  and 

*  hippocampus  minor/  are  as  available  to  the  zoologist  in  classifi- 
cation as  are  the  equally  ])ecu]iar  and  distinctive  characters  of 
the  calcaneum,  hallux,  and  other  structures  of  the  foot. 

So  much,  in  connection  with  the  '  fifth  way '  and  application  of 
anatomy,  I  regret  to  find  myself  compelled  to  state,  in  order  to 
expose  and  stijjmatise  procedures  which  consist  in  representing 
the  liomologicai  knowledge  and  opinions  of  an  author  by  his  de- 
finitions in  a  purely  zoological  work,  and  in  suppressing  all  re- 
ference to  the  descriptions  and  statements  in  the  anatomical 
writings  of  the  same  aullmr,  where  his  actual  knowledge  and 
opinions  on  the  nature  and  homology  of  parts  are  given,  and 
where  alone  they  can  be  expected  to  be  found. 

Somewhat  analogous  to  the  course  ol  uhservation  pursued 
through  the  animal  kingdom,  irom  the  lowest  to  the  highest 
species,  is  that  which  traces  each  oigaa  through  the  several 
phases  of  its  development  in  the  same  species. 

The  right  use  of  sense,  in  hoth  ways,  stores  the  understanding, 
empirically,  with  a  gieries  of  facts,  as  the  raw  material  for  reasoning 
up  to  their  principles.    But  Embryology  has  this  inferiority,  that 
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every  species  is  such  ab  initio,  and  takes  its  own  course  to  the  ftill 
maniieatation  of  its  specific  characters^  agreeably  witli  the  nature 
origiaaUy  impressed  upon  the  germ. 

A  perch,  a  newt,  a  dog,  a  man,  does  not  hegin  to  be  snoh  only 
when  the  embryologist  may  discern  the  dawnmgs  of  their  respect- 
ive specitic  characters.  The  embryo  derived  its  nature,  and  the 
potency  of  self-development  according  to  the  specific  pattern,  from 
the  moment  of  the  impr^nation ;  and  each  step  of  development 
moves  to  that  consummation  as  its  end  and  aim. 

This  truth  has  been  masked  to  some  apprehensions  by  the 
course  of  the  developmental  steps  from  the  general  to  the  par- 
ticular; the  initial  ones,  more  especially,  offering  Ukenesses  or 
analogies  to  finished  lower  species  exemplifying  degrees  of  organi- 
sation in  the  animal  kingdom.  Each  step  diti'ers  in  degree  of 
difference  from  the  analogous  grade  at  which  a  lower  species  rests, 
and  inversely  as  the  advance  of  such  species.  Accordingly,  the 
less  the  degree  of  difference,  and  the  wider  the  resemblance  or 
analogy  spreads  between  tlie  embryonal  phase  and  the  parallel 
grade  in  the  series  of  species. 

The  formation  of  the  germ-mass  ( YoL  L  figs.  1-4, 422, 452)^ 
the  first  step  after  impregnation — is  a  general  phenomenon  in 
ammality  (Vol.  *  On  Invertebrates,*  figs.  4b-66,  73,  74,80-84, 
181,  209-212,  232) ;  thereat  and  thereby  the  man  resembles  and 
behaves  like  the  monad.  ^  But,  the  germ-mass  completed,  the 
vertebrate  at  once  circumscnbes  itself  or  withdraws  into  its 
vertebrality.  The  proteiue  substance  is  the  seat  of  a  chemical 
differencing,  leading  to  excess  of  albumen  along  one  tract, 
balanced  by  excess  of  gelatine  along  a  parallel  tract  Thus  are 
liiiJ  down  the  bases  of  the  myelencephalon  and  vertebral  axis. 
The  *  notochord '  is  soon  followed  by  the  protovertebral  specks 
in  double  parallel  series  (Vol  I.  fig.  5 ;  Vol.  II.  fig.  133):  the 
embryonal  trace  is  established,  and  it  is  one  of  a  vertebrate. 
The  i'ormation  of  neural  and  hsemal  arches  next  follows ;  and 

I  CooDpftM  the  Abor6-«it«d  tgaxm  witii  Sg.  17,  *L«cturw  om  InTettebntes/  Sod 
cd.  p.  39. 
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the  phenomenon  of  the  appearance  of  the  latter^  in  which  tin 

blastema!  is  accompanied  by  a  vascular  arch,  with  clefts  inter- 
vening between  contiguous  aiches,  especially  at  the  fore  part  of 
the  embryo,  haa  led  to  the  idea  that  a  reptile,  bird,  or  mamnial, 
ia  a  fish  before  it  becomes  what  it  is  tending  to.  IVue  it  is,  thtt 
the  embrvuri  of  these  air-breathers  float  in  fluiJ,  and  not  anv  of 
them  breathe  the  air  until  birth  or  excluaioQ,  or  near  to  exclusioai 
but  they  do  not  breathe  water :  the  oviparoua  air-breather  has  one 
kind  of  temporary  lung,  the  mamnuferons  embryo  another  kind, 
each  alike  special  to  the  class.  From  the  vascular  loops  accom- 
panying the  haemal  arteries  branchiae  are  not  developed;  one  onlj 
of  the  interhiemal  fissures  is  deepened  on  each  side,  brought  into 
communication  with  the  pharynx,  and  straightway  converted  into 
the  *  eustachian  tube,  according  to  the  precocious  rate  of  growth 
and  development  characteristic  of  the  special  organs  of  sense 
and  their  appendages.  No  true  branchial  or  piscine  breathing 
apparatus  is  at  any  time,  or  in  any  degree,  manifested  in  tiie 
embryo  of  an  au:-breatliiug  vertebrate.  The  deepening  and  open- 
ing of  several  interhaemal  fissures  in  the  embryo  of  a  perch^  and 
the  subsequent  course  of  development  therewith  of  gill-arches  and 
gills,  with  their  subservient  mechanism  of  branchiostegal  rays  and 
the  opercular  lid  or  door,  are  as  distinctive  manife^tationa  of  the 
original  nature  of  the  fish,  as  is  the  vascular  lining  of  the  egg  that 
of  the  bird,  or  the  vascular  arrangement  for  borrowing  bresth 
from  the  mother  that  of  the  foetal  mammal. 

At  the  incipient  stages  of  these  provisional  and  deciduous 
respiratory  conditions  the  circulation  in  the  embryo  lizard,  fowl, 
beast,  is  like  that  of  a  fish  in  its  simplicity  ;  but,  as  Trevirant  s' 
rightly  remarked,  it  is  far  from  being  identical;  there  are,  indeed, 
characters  of  the  circulating  organs  at  this  grade  of  simplicity, 
which  not  only  distinguish  the  embryo  of  the  air-breather  from 
tliat  of  the  Avater-ln  cuther,  but  also  tlie  embryo  of  the  mammal 
from  that  ol  the  bird  or  reptile ;  so  soon  is  the  course  of  deve- 
lopment affected  by  the  specific  taint  I 

•  Q.  H.  in  'Zi  ltsLhriti  fiir  Phrsiologie/  voLir. ;  and  '  Edinbiugh  I^i^w  PhiloBO|iluciu 
Journal,'  ib32,  rol.  xin.  p.  7j-iiQ. 
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Marked  derimlloiis  from  the  archetype  characterising  existing 
specie^  are  directly  approached  in  the  progress  of  developmeut. 

If,  aa,  e^.f  in  a  thoracic  or  jugular  fish,  the  pontion  of  the 
pelyic  limbs  departs  from  the  typical  one,  these  limbs  bud  out  in 
the  embryo  in  that  special  and  anomalous  place.  When  a  hij^her 
species  departs  from  type  by  a  thoracic  position  of  the  iscapuiar  or 
oodpital  limbs^  they  likewise  bud  out  in  such  apedsl  position.  In 
both  oases  the  hienuJ  arch,  sustaining  such  appendages^  is  libe^ 
rated  from  the  rest  of  its  segment  for  the  special  needs  of  the 
apeciesj  and  the  embryo  of  such  never  shows  it  fixed.  At  most, 
perlmpSy  tlie  general  character  and  typical  connections  may  be 
indicated  by  the  closer  contiguity  of  the  detached  scapular  arch  to 
the  rest  of  its  proper  occipital  segment;  as,  e.g.,  in  the  embryo  of 
birds  and  long-necked  ruminants,  to  be  removed  to  a  distance 
determined  by  the  later  growth  of  the  series  of  vertebra  inter- 
Tening  between  head  and  chest. 

To  infer  from  such  developmental  phenomena  that  tlie  throat- 
fins  of  the  cod  are  not  the  displaced  homologues  of  the  hind  legs 
or  pelvic  limbs  of  air-breatbers»  and  that  the  fore-legs  of  such  are 
not  the  homologues  of  the  typically  situated  and  connected  scapu* 
lar  limbs  of  fishes,  is  an  abuse  or  misuse  of  the  empirical  facts 
ascertained  by  observation  of  embryonal  phenomena. 

In  like  manner  the  developmental  phenomena  of  the  skull  of 
an  avian  and  mammalian  species,  succeeding  those  that  broadly 
and  intelli^nbly  maik  out  the  four  pair-  ot  lu  iirapophyses  and 
corre:$poudmg  haemal  arches,  ])lainiy  indicating  the  segmental  or 
vertebral  type  of  the  skull^  depart  therefrom  to  attain  the  par- 
ticular character  of  the  face  and  mouth  of  the  species.  After 
the  first  buddiiffr  indications  of  the  halves  of  the  uiaxillary  (fore- 
most cranial  ha'mai )  arch^  the  development  of  it»  as  upper  jawj 
with  that  of  the  palate^  pterygoid,  and  zygomatic  appendages, 
obeys  tiie  impress  of  impregnation,  and  proceeds  directly  to  es- 
tabiisli  the  specific  characters  of  such  jaw  in  the  i)artlcular  bird 
or  beast ;  the  points  of  ossiiicatiou,  their  deposit  in  membrane  or 
gristlcj  and  subsequent  growth,  having  no  other  or  deeper  signifi- 
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cation.  If  »  Bpedes  be  gifted  with  acute  hearing,  and  the  move- 
ments  of  the  ear-drum  require  several  oBsideBy  these,  like  the 

labyrinth,  t^row  to  lull  size  in  tlie  embryo,  appropriating  the 
blastema  of  the  contiguous  huimal  arch,  and  proportionally  ro 
ducmg,  by  arresting  the  dereloiunent  of»  the  pieumpophysis  of 
such  arch.  The  inherited  tendency  to  a  special  or  specific  form 
wliich  tliiis  influences  early  developments  and  growth  of  parts  has 
misled  some  who  \ni\  e  mistaken  such  fur  homological  or  ai*chetypal 
characters.  But  the  determination  of  these  characters  is  arrived 
at  by  other  routes  of  research ;  and>  so  reached,  such  determinatioii 
serves  to  exphiin  many  of  the  phenomena  of  development  which 
otherwise  would  remain  as  mere  empirical  facts. 

Embryology,  e.g.,  shows  that  in  the  human  fcetus  the  sternum 
is  developed  from  a  series  of  ossific  centres  (VoL  IL  p.  555,  fig. 
364),  whi!>t  the  co-articulated  chiviolc — as  long  a  bone — is  de- 
veloped from  a  single  ossific  centre,  and  a  contiguous  rib,  though 
of  greater  length,  is  also  hardened  from  a  single  ossific  centre ; 
but  embryology  afibrds  no  explanation  of  the  reason  of  such  dif- 
ference. That  is  aiiujded  by  a  knt)wlcdgc  of  the  archetype 
skeleton,  which  teaches  that  the  sternum — reckoned  as  a  single 
bone  in  anthropotomy — consists  of  a  series  of  vertebral  elements^ 
but  that  the  rib  and  the  clavicle  are  single  elements. 

Embr>(>l(>*»  v  shows  that  the  canon-bone  of  a  rumuiajit,  re- 
garded  as  a  single  bone  by  the  veterinarian,  is  developed  irom  five 
ossific  centres ;  two  on  the  same  transverse  line  near  the  middle* 
one  on  the  upper,  and  a  pair  which  soon  coalesce  at  the  lower  end. 
But  no  clue  is  afforded  to  the  signification  of  these  several  cen- 
tres :  em))ryology  is  no  criterion  of  their  homologies ;  these  are 
determinable  on  other  grounds  or  *  ways  of  anatomy.' 

A  knowle  l  u  c  of  the  '  Nature  of  Limbs,*  derived  from  homolo- 
gical studies  leading  to  a  recognition  of  the  archetype,  could  alone 
determine  that  two  only  out  of  those  five  centres  represent  dis- 
tinct bones  in  the  typical  pentadactyle  foot  of  the  mammal ;  the 
rest  having  no  such  signification,  but  serving  to  perfect  the  ulti- 
mate growth  as  '  epiphyses.'    So  likewise  with  the  collar-bone 
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and  rib.  At  a  period  long  enbeequent  to  the  deposition  of  the 
first  centre  of  bone,  a  second  a|)|)eara  at  the  sternal  end  of  the 
human  clavicle,  and  two  are  added  to  complete  the  head  and 
tubercle  of  the  rib,  the  shaft  of  which  had  been  ossified  b7  growth 
from  tt  single  centre* 

Recognition  of  the  archetype  skeleton  elucidates  the  empincal 
iActa  of  embryology^  and  teaches  us  to  distinguish  between  the 
points  of  ossification  of  a  bone  in  a  higher  vertebrate  which  sig- 
nify or  answer  to  bones  that  retain  their  distinctness  in  lower 
vertebrates,  and  the  points  of  ossification  which  merely  lulp  (tut 
the  growth  or  have  their  final  purpose  in  the  exigencies  of  the 
yonng  animal.  A  lamb  or  foal,  e.g.,  can  stand  on  its  fore  legs 
sKortly  af^er  it  is  bom,  and  soon  begins  to  ran  and  bound.  The 
shock  to  tlie  limbs  tliemselves  is  broken  at  this  tender  age  by  the 
cushions  of  cartilage  at  the  ends  of  the  shafts,  and  which  continue 
for  some  time  to  be  interposed  between  the  *  epifdiyses'  and  *  dia- 
physis.'  The  jar  that  might  affect  the  large  and  pulpy  brain  ox 
the  immature  man  is  similarly  difiused  and  intercepted  by  the 
*  epiphysial '  extremities  of  the  vertebral  centrums. 

Such  final  purpose  in  the  several  centres  of  ossification  of  the 
vertebral  bodies  and  the  long  bones  of  the  limbs  of  mammals  does 
not  apply  to  those  of  reptiles ;  and  no  epiphyses  with  interposed 
cartilage  attend  the  growth  of  the  limb-bones  of  saurians  and 
tortoises.  But,  when  the  reptile  moves  by  leaps,  ossification  of 
the  long  limb-bones  by  distinct  centres  ugain  prevails  ;  the  ex- 
tremities of  the  humeri  and  femora  are  *  epiphyses '  in  tlie  frog. 

Embryology  affords  no  criterion  between  the  ossific  centres  that 
have  a  *  homological '  and  those  that  have  a  *  teleological '  signifi- 
cation. A  knowledge  of  the  archetype  skeleton  is  requisite  to 
teach  how  many  and  which  of  the  separate  centres  that  appear 
and  coalesce  in  the  human,  mammalian,  or  avian  skeleton,  re* 
present  and  are  to  be  reckoned  as  distmct  bones,  or  elements  of 
the  archetype  vertebra.  For  the  want  of  this  guide  great  and 
estimable  anatomists  have  gone  astray.  Thus  Cuviek,  comment- 
ing on  the  arbitrary  ennmeration  of  the  single  bones  in  the  human 
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skdeton^  affirmed  that  to  learn  their  true  number  in  any  given 
species  we  must  go  to  the  first  osseous  centres  as  these  are 

manifested  in  the  foetus;  ^  and  Geoffhuy  St.  Hxlaibe'  concurred 
in  this  view. 

In  the  cartilages  called  '  epiphysial,'  that  eke  out  the  ends 
and  margins  of  bones,  ossification  begins  hiter  than  does  that  of 

the  bone  itself.  The  tiuies  of  appearance  of  the  osseous  nucleus 
in  the  coracoid  process  and  acromion  of  the  human  scapula  well 
exemplify  this  difference ;  in  the  coracoid,  e.g.,  at  the  first  year, 
in  the  acromion  at  the  fifteenth  year.  £mbry<dogy  teaches  the 
facts  but  affords  not  the  reason. 

Special  homology  shows  that  the  ooracoid  is  a  distinct  bone,  the 
acromion  a  mere  process,  in  the  vertebrate  series.  General  ho- 
mology gives  the  ground  of  the  distinctness — the  coracoid  being 
the  hsmapophjsis  of  the  haemal  arch  of  which  the  scapula  proper 
is  the  pleurapophysiB.  In  most  mammals  this  hssmapophysis  is 
stunted  and  terminates  fireely,  like  that  of  the  last  (floating)  rib. 
In  Monotremes  it  attains  and  articulates  with  its  hasmal  spine,  as 
in  the  *  true  rib,'  and  keeps  this  normal  extent  and  condition 
through  all  the  lower  vertebrates.  It  is  the  typical  state  of  the 
coracoid,  which  is  departed  from  in  all  vertebrates  above  Mono- 
tremes: but  such  typical  state  is  not  passed  through  in  the 
course  of  their  development.  As  in  that  of  other  nioditied  haemal 
arches,  the  maxillary,  e.g.,  so  in  the  scapular  arch,  the  special  con- 
dition of  the  aborted  hnmapophysis  is  gained  directly,  not  through 
any  intervening  transitory  manifestation  of  the  L  rueral  character. 
So  far  m  embryology  from  being  a  criterion  of  homology. 

In  regard  to  what  I  have  reckoned  a  *  seventh  way  of  ana- 

*  '  I'uur  avuir  lo  vc'ritnl)lt"'  iiomVir*'  des  os  dv  chaijue  espect",  il  fnut  rcmont^^r  jn^qu'uux 
prcmiera  nojaux  osiifux  trl^qu'ilh  hie  montront  dans  lufcetus.' — Leforrn  d'Anatt/mu  Cvm- 
parUf  Sro.  edL  1835,  torn.  i.  p.  120. 

*  '  Aya&t  imaging  d«  compter  atttaot  d'os  qu'il  y  a  de  centira  d*OMillGatioii  dittinetev 
et  ayant  cssaye  de  mita  cette  maniive  da  &iie,  j'ai  en  bieu  d'apprider  la  jnataaaa  da 
cette  x^^  '—Annalu  du  Mwlym,  torn*  z.  p.  844.  Bee,  however,  the  remarks  on  this 
point  in  my  '  LcctoKt  on  the  CompacatiTe  Amtoiny  of  the  Vertebrate  Ammala^'  Sro. 
1816,  p.  37,  et  eeq. 
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toniT,'  I  would  remark  that  the  existing  kinds  of  vertebrates 
constitute  part  only,  perhaps  but^a  small  proportion,  of  those 
which  have  lived.  Two  large  prinuury  groups  of  fiflhee  have 
ahnoet  wholly  passed  away ;  but  the  Polypterus,  Lepidosteus,  and 
sturgeon  yield  the  anatomist  some  insight  into  the  etriictnral 
modifications  of  the  Gamidei  of  Agassi z  \  whilst  the  shark,  the 
skate,  and  the  cestracion  give  a  fuller  knowledge  of  those  of  the 

Present  reptiles  form  a  mere  Iragmentary  remnant  of  the  great 
and  varied  class  of  coid-biooded  air-breathing  vertebrates  wixich 
prevailed  in  the  mesocoie  age.  More  than  half  of  the  ordinal 
groups  Off  the  dess,  indicated  hj  osteal  and  dental  chszacters,  have 
perished  ;  and  it  is  only  by  petrified  ficces  or  casts  of  the  intestinal 
canal,  by  casts  of  the  brain-case,  or  by  correlative  deductions  from 
chancters  of  the  petzifiable  remains,  that  we  are  enabled  to  gain 
any  glimpse  of  the  anatomical  conditions  of  the  soft  parts  of  such 
extinct  species :  by  sucli  light  some  oi  the  perishable  structures  of 
these  animals  are  indicated  in  the  text. 

Am  vertebrates  rise  in  the  scale  and  the  adaptive  principle  pre- 
dominates, the  law  of  correlation,  as  enunciated  by  Cuvibb,^  be- 
comes more  operative.  In  the  jaws  of  the  lion,  e.g.,  there  are 
lai;ge  ianiaries  or  canines,  Ibrmed  to  pierce,  lacerate,  and  retain  its 
pny.  Thereare  also  compressedtrenchantflesh^utting  teeth,  which 
play  upon  each  other  like  soissor-blades  in  the  movement  of  the 
lower  upon  the  upper  jaw.  The  lower  jaw  is  short  and  strong; 
it  articulates  to  the  skull  by  a  transversaly  extended  convexity  or 
condyle,  received  into  a  corresponding  concavity,  forming  a  close- 
fitting  joint,  which  gives  a  firm  attachment  to  the  jaw,  but  almost 
restricts  it  to  the  movements  of  opening  and  closing  the  mouth. 

*  '  Toot  Atra  orgnwA  lbrm«  on  en*embl^  on  syst^mo  oniqan  et  cIo8,  dont  Iw  parties 
•e  cowcgpondMit  awaoaileint  nt,  et  coneuurent  a  la  meme  action  definitive  par  uner4* 

action  r^proqtie.  Aucunc  do  cm  parties  nepeut  chantri-r  sunn  qne  Irs  autr**?  chainr.  nt 
aufsi ;  et  par  conB»H|urnt  chacuoe  d'elles,  prise  s^pareiueut,  tudique  et  doune  tour<  i»  ii>M 

Us  Sevolutions  de  la  Sur/a'se  du  GMe.  4to.  1826,  p.  47.  in 
Ulii  dtfAiiitioii  CoTior  ^[ipMlieDded,  exclonvely,  the  operaneo  of  the  difleionciDg  aad 
tt^^tj^ing  polo^  and  the  lav  beooniee  limited  in  ila  appUoataon  acoordin^j. 
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The  jaw  of  the  CanuTore  developes  a  plate  of  bone  of  breadth 
and  height  adequate  for  the  implantation  of  muscles,  widi  power 

if}  inflict  a  deadly  bite.  These  muscles  require  a  large  extent  of 
buriace  for  their  oritjiu  from  the  cranium^  with  coucumitant 
strength  and  curvature  of  the  sygomatic  arch,  and  are  associated 
with  a  strong  occipital  crest  and  lofty  dorsal  spines  for  YigorooB 
uplifting  and  retraction  of  the  head  when  the  prey  has  been 
griped.  The  limbs  arc  armed  with  short  claws,  and  endued  witli 
the  requisite  power,  extent,  and  freedom  of  motion,  for  the  wield- 
ing of  these  weapons.  These  and  other  structures  of  the  highly- 
organised  Carnivore  are  so  co-ordinated  as  to  justify  CrviER  in 
asserting  that  *  the  form  of  the  tooth  gives  that  of  the  condyle,  of 
the  blade-bone,  and  of  the  claws,  just  as  the  equation  of  a  curve 
eyolves  all  its  properties ;  and  exactly  as,  in  taking  each  projierty 
by  itself  as  the  base  of  a  particular  equation,  one  discovers  both 
the  ordinary  equation  and  all  itd  properties,  so  the  claw,  the 
blade-bone,  the  condyle,  the  femur,  and  all  the  other  bones  in- 
dividually, give  the  teeth,  or  are  given  thereby  reciprocally  ;  and 
in  commencing  by  any  of  these,  whoever  possesses  rationally  the 
laws  of  the  organic  economy  will  be  able  to  reconstruct  the  entire 
animal*'  ^ 

The  law  of  correlation  receives  as  striking  illustrations  from 

the  structure  of  the  herbivorous  mammal.  A  limb  may  termi- 
nate in  a  thick  homy  hoof.  Such  a  foot  serves  chiefly,  almost 
exclusively,  for  locomotion.  It  may  *  paw  the  ground,'  it  may 
rub  a  part  of  the  animal*8  bide,  it  may  strike  or  kick ;  but  it 
cannot  grasp,  seize,  or  tear  another  animal.  The  terminal  ungu- 
late phalanx  gives,  as  Cl  vier  declares,  the  modihcations  of  all 
the  bones  that  relate  to  the  absence  of  a  rotation  of  the  fore^leg, 
and  those  of  the  jaw  and  skull  that  relate  to  the  mastication 
offered  by  broad-crowned  complex  molars. 

But  there  are  certain  apsociated  structures  for  the  coincidence 
of  which  the  physiological  kw  is  unknown*   *  1  doubt,'  writes 

'  Op.  cit.  p.  49, 
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CuviER,  *  whether  I  fthould  have  ever  divined,  if  observation  had 
not  taught  it  me,  that  the  ruminant  hoofed  beasta  should  all  have 
the  cIoTen-fooiy  and  be  the  only  beasts  with  horns  on  the  frontal 
bone.'  ^  I  may  add  that  we  know  as  little  why  horns  should  be  in 
one  or  two  pairs  in  those  iintjjulates  i>ul y  which  have  hoofs  in  one 
or  two  pairs ;  whilst  in  the  horned  ungulates  with  three  hoofs 
there  should  be  either  one  horn,  or  two  odd  horns  placed  one  be* 
hnnd  the  other,  in  the  middle  line  of  the  skull ;  or  why  the  ungu- 
lates with  one  or  three  hoofs  on  the  hind  foot  should  have  three 
trochanters  on  the  femur,  whilst  those  with  two  or  four  hoofs  on 
the  hind  foot  shoold  have  only  two  trochanters.' 

*  However,*  continnes  Cuvieb,  '  since  these  relations  are  con- 
s'ta  at,  they  must  have  a  sufficing  cause ;  but  as  we  are  ignorant 
of  ity  we  must  supply  the  want  of  the  theory  by  means  of  observa- 
tion. This  will  serve  to  establish  empirical  laws  if  adequately 
pursued,  as  sure  in  their  application  as  rational  ones.'  *  *  That 
there  are  secret  reasons  for  all  these  relations  observation  may 
convince  us,  independently  of  general  philosophy.*  *  The  con- 
stancy between  such  a  form  of  such  organ  and  such  another  form 
of  another  or^n  is  not  merely  specific,  but  one  of  class  ^\  ith  a 
corresponding  gradation  in  the  development  of  the  two  organs.** 

*  For  example,  the  dentary  system  of  non-rununant  ungulates 
is  generally  more  perfect  than  that  of  the  bisulcates ;  inasmudi 
as  the  former  have  almoet  always  both  incisors  and  canines  in  the 
upper  as  well  as  the  lower  jaw ;  the  structure  of  their  feet  is  in 
general  more  complex,  inasmuch  as  they  have  more  digits  or  hoofs 
lees  completely  envdoping  the  j^alanges,  or  more  bones  distinct 

*  Op.  cit.  60.  *  Quarterly  Journal  of  the  Geological  ,S>cicty,  p.  138.  1847. 

*  '  Puisqne  ces  rapports  Bont  oonttants,  il  &ut  bien  quails  aient  une  cause  suffisante, 
iiiB»6aauD«  now  na  la  eoimaissons  pu»  mnu  devQiif  euppleer  av  d^nt  de  la  tb^rie 
p«r  le  moyen  d«  rolMemlioii/'^Op.  cit.  p.  60, 

*  *  "Exi  effet,  qnand  on  forme  un  tableau  do  ces  rapports,  on  y  remarque  non  sealement 
un*»  consi«Jtance  spWfiqae,  fi  Ton  peut  s'exprimer  mm'i,  entre  telle  forme  de  tfl  orprtne 
ct  iiutr«  forme  dun  organ  different;  mais  I  on  aper^oit  ttriwi  imp  constanai 
clii«i»ique  et  une  gradation  correopondante  dans  le  d^reloppement  de  ces  deux  organes, 
quaontmit.  presquc  awn  bien  qit'immiMnneBMnteflfeetii;  Isnrinflnenee  mutuieUe.' — 
Op,  dt.  pk  SI. 
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in  the  metacarpus  and  metatarsuB,  or  more  numerous  tarsal  bones ; 

or  a  more  distinct  and  better  developed  fibula;  or  a  concurrence 
of  all  these  modifications.  1 1  is  impossible  to  assign  a  reason  for 
tJiese  relatbns ;  but^  in  proof  that  it  is  not  an  affair  of  chance, 
we  find  that  whenever  a  bisulcate  animal  shows  in  its  dentition 
any  tendency  to  approach  the  nou-ruuiinant  ungulates,  it  also 
manifests  a  similar  tendency  in  the  conformation  of  its  feet.'  After 
citing  similar  instances  of  such  constant  relations,  Covieb  again 
declares  that  the  palaeontolop^st  *  must  avail  himself  of  the  method 
oi  observation'  as  a  supplementary  instrument  when  the  reason  or 
law  of  such  relations  is  undiscovered ;  and  that  he  is  most  suc- 
cessful in  the  reconstruction  of  a  whole  from  a  part,  who  applies 
to  the  task  '  cflicacious  comparison/  guided  by  '  tact  {adresse)  hi 
discerning  likeness.' ' 

As  we  descend  in  the  scale  of  life  from  the  grade  illustratiTe 
of  '  Cuvier's  Law/  the  method  of  empirical  observation  becomes 
more  and  more  essential,  the  tact  with  which  it  is  applied  being, 
however,  in  the  ratio  of  tlie  discernment  of  the  correlations  of 
structures.  The  results  of  the  combined  methods  of  interpreting 
fossil  remams  are  leading  to  views  of  life  transcending  the  gains 
to  zoology  as  a  record  of  well-cla^ised  species,  or  to  physiology  as 
iUustrative  of  final  purpose.  A  progress  from  more  generalised 
to  more  specialised  structures,  analogous  to  that  exemplified  in 
existing  grades  of  animal  life  and  in  successive  phases  of  individual 
development^  is  appreciable  in  the  series  of  species  which  have 
succeeded  one  another  upon  our  planet. 

Certain  structures  which  are  transitory  or  rudimental  in  ezist* 
ing  species  are  persistent  and  developed  in  extinct. 

The  caudiil  vertebrae  are  laid  down  in  a  gradually  decreasing 
series  of  cartilaginous  nuclei,  in  the  embryo  of  modem  bony  fishes ; 
but  in  the  course  of  ossification  they  become  massed  and  blended 
together  to  form  the  base  of  a  vertically  extended  syunueti'iciil 
tail-fin.  In  all  palaeozoic  tishes  the  initial  embryo-state  persists, 
and  the  tail-fin,  through  the  length  of  the  upper  lobe  retaining  the 

*  op,  cit.  p.  o'Z. 
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tenninal  series  of  vertebrae,  is  unsymmetrical.  The  process  of 
differenciDg  which  leads  to  the  '  homocercal '  type  begins  in  the 
lOflmoie  period  and  prevails  in  the  neoasoio.  (See  Tabl£  ov 
Strata,  &c.,  p.  xxxviii.) 

A  corresponding  moUlEcation  of  the  caudal  vertebrae  preyails 
in  neonoic  bizds ;  but  the  embiyos  of  the  existing  species  show 
the  terminal  Tertebrn  dietinet,  in  a  tapering  series,  before  they 
are  massed  into  the  *  ploup^hsharc  bone;'  and  such,  doubtless,  was 
the  law  of  development  in  ail  the  extinct  species  which  have  left 
tertiary  omitholites.  But  tiie  earliest  and  as  yet  sole  evidence 
of  the  foaeil  skeleton  of  a  niesozoic  bird  shows  the  retention  of 
the  embryo  condition,  with  ordinary  growth  of  the  vertebrae  J 

Modem  ruminants  are  hornless  when  horn,  and  have  the  me* 
tapodiala  supporting  the  phalanges  of  the  cloven  foot  distinct; 
at  :in  i /avli(  r  ftrtal  period  rudiments  of  upper  fore-teeth  start  in 
the  gum  but  do  not  get  beyond  it.  The  eocene  mammal  that  first 
indicates  the  ruminant  type  retained  the  transitory,  and  developed 
the  aborted,  characters  of  its  successors.  The  metacarpals  and 
metatai\>als  never  coalesced  to  form  a  *  canon-bone  ;*  the  upper 
canines  and  incisors  were  functional,  but  small  and  equal-sized ; 
and»  as  boras  never  sprouted,  Gutier  called  the  extinct  beast 

*  weaponless*  (Anaphthertum),  In  modem  horses  the  digit  on 
each  side  the  one  supporting  the  hoof  m  undeveloped,  and  is 
represented  by  a  concealed  rudiment  of  the  metapodial  called 

*  8plint4xme.'  In  the  miocene  horses  these  metapodials  reached 
their  full  length  and  supported  hoofed  digits,  but  of  small  size, 
like  the  '  spurious  hoofs  '  of  the  ox.  The  eocene  mammal  initia* 
tin^  the  type  had  these  hoofs  so  developed  as  to  form  a  functional 
tridactylo  foot*  Moreover,  in  the  Palaatherium,  certain  teeth 
(symbolised  in  tlic  present  Work  as  pi)  which  are  rudimental  and 
deciduous  in  the  horse,  were  persistent  and  functional.  The  mcsozoic 
manmpials  manifested  a  lower  or  less  differenced  state  of  dentition, 
either  by  the  degree  of  sameness  of  fonn(Phascolothere),  or  by  the 
superior  number  (Thylacothere)  of  the  molar  series  of  teeth. 

•  Philoiophical  TransMtioiis,  lBd8,  pp.  98,  46,  pb.  L  and  III. 
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The  *  rudiments '  of  parts  and  organs  which  are  retained  mt- 

developed,  or  do  nut  acquire  the  state  ciipal  le  of  acting,  or  *  per- 
forming the  function '  done  bj  them  in  other  species,  are  of  two 
kinds :  one  exhibits  the  totality  of  the  oi^gan  in  miniature,  aa, 
e.g.,  lacteal  ghinds  and  nipples  of  the  male  mammal ;  the  other 
is  a  part  of  an  orgau,  as,  e.c".,  the  few  concealed  caudal  vertebral 
in  the  sloth,  to  which  other  vertebrse  are  added,  with  concomitant 
growth,  to  make  the  organ  perfect  for  its  function,  as  in  the  tail 
of  the  Megathere.  Some  rudiments  show  beginnings  of  parts 
which  rise  Ut  perfection  in  higher  species  of  the  existing  series; 
others  are  remnants  of  organs  that  were  fully  developed  and  func- 
tional in  extinct  species.  Tiedemann'b  '  scrobiculus  parvus  in 
loco  comu  posterioris  *  in  the  brain  of  Macacus,*  and  the  part 
which  Vrolik  believed  himself  entitled  to  reorard  as  an  indKiUioa 
of  the  'hippocampus  minor'  in  the  brain  of  Troglodyteit^  are 
beginnings  of  structures  which  show  their  full  development  in 
tiie  human  brain,  and  merit  the  nomenclature  assigned  to  them 
in  anthropotomy. 

The  filamentary  limb  of  Protoptenu  (Vol.  I.  fig.  101,  a),  the 
didactyle  limb  in  Amphiuma  {lb,  b),  the  tridactyle  homologue  in 
ProieuSj  are  beginnings  of  organs  which  attain  full  functional  de- 
velopment in  higher  vertebrates.  The  styliform  metacarpals  and 
metatarsals  in  Equus,  on  the  other  hand,  are  remnants  of  part^ 
of  digits  which  were  entire  in  Hqfparien^  and  were  functionally 
developed  in  Ptdeeotherium, 

Kuminants  which  habitually  frequent  heated  arid  plains  or 
deserts,  as  the  giraffes  and  camels,  e.g.,  have  lost  the  digits  (tV 
and  «,  Vol.  IL  fig.  Id3,  ax)  that  add  to  the  resistance  of  the  hoof 
on  swampy  ground,  as  in  tiie  bison,  elk,  and  reindeer  (/&.  fig. 
311). 

The  visual  oigan  degenerates  in  species  inhabiting  dark  caves 
or  recesses  (Ambiycpsis  (YoL  L  fig.  175),  HeUropygii,  Protms, 

•  Iconcs  cerebri  Siminrum,  fol.  p.  U,  fig.  iii.  2. 

'  V«i«l.  en  MededeeL  der  £od.  Akad.,3uil  1862,  p.  7. 
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ibe  enw-Bsh  of  the  '  Mammoth  Cave,'  and  numerous  insects  and 
arachnidans). 

JLepiidopu9^  Trichiums,  Stramateus,  exemplify  fishes  which  lose 
the  Tentral  fins  entirely  with  age  ;  they  are  rudimental  in  Gem- 

jnflus,  Psettus  aiul  CeutronotHs  \  Solentalpn  has  only  the  rie;ht 
ventral  developed  and  the  left  rudimental ;  the  pectoral  lius  are 
rudimental  in  many  plenionectoids,  either  on  both  sidesj  as  in 
Snglo9su»  and  Aehirus,  or  on  the  blind  side  only,  as  in  Monochir 
ciUi^l  liiany  species  of  Si/nuptura.  The  *  adipose  fin'  of  certain 
^iiuroid  and  Salmonoid  fishes  is  a  rudimental  dorsal,  sometimes 
showing  traces  of  rays. 

The  prevalence  of  birds  in  New  Zealand  without  winprs  {  DinoT- 
au),  or  too  feebly  developed  for  the  purpose  of  liight  {Apteryx, 
Brachtfpteryxy  Notomii,  &c),  is  associated  with  the  absence  in 
ihoee  islands  of  any  higher  form  of  life  exercising  destructive 
mastery-  of  organisation,  until  the  immigr.ilum  of  the  huniuu  race. 
The  wings  of  such  birds,  like  the  eyes  of  the  cavern  fishes  and 
emstaoeans,  would  seem  to  have  degenerated  for  want  of  use ; 
their  legs,  by  which  locomotion  was  exclusively  exercised^  to  have 
gained  in  size  and  strength. 

LiAHABCK,^  adverting  to  observed  ranges  of  variation  m  certain 
species,  afBnned  that  such  variations  would  proceed  and  keep  pace 
with  the  continued  operation  of  the  causes  producing  them ;  that 
such  changes  of  form  and  structure  would  induce  corresponding 
changes  in  actions,  and  that  a  change  of  actions,  when  habitual, 
became  another  cause  of  altered  structure ;  that  the  more  frequent 
employment  of  certain  parts  or  organs  leads  to  a  proportional 
increase  ot  development  of  such  parts,  and  that  as  the  increased 
exerdse  of  one  part  is  usually  accompanied  by  a  corresponding 
disuse  of  another  part,  this  very  disuse,  by  inducing  a  proportional 
degree  of  atiDpliy,  l)ecomes  an  added  element  iu  the  progressive 
mutation  of  organic  forms. 
Concomitant  changes  of  climate,  and  other  conditions  of  a  eoun- 

•  Philosopbie  Zoologiquo,  torn.  i.  chaps,  iii.  vi.  vii. 
VOL.  I.  ^ 
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try  affecting  the  su.stL  iiancc  or  well-being  of  its  indigenous  animals, 
may  lead  not  only  to  their  modification  but  to  their  destruction.  I 
have,  in  another  work,  pointed  out  the  characters  in  the  animals 
themselves  calculated  to  render  them  most  obnoxious  to  sucli  ex- 
tirpating intiuences;  and  have  ajjplicd  the  remarks  to  the  expla- 
nation of  so  many  of  the  larger  species  of  particular  gronpa  of 
anbnals  having  become  extinct,  whilst  smaller  species  of  equal 
antiquity  have  remained. 

*  In  proportion  to  its  bulk  is  the  difficulty  of  the  contest  which, 
as  a  living  organised  whole,  the  individual  of  such  species  has  to 
maintam  against  the  surrounding  agencies  that  are  ever  tending 
to  dissolve  the  vital  bond  and  subjugate  the  living  matter  to  the 
ordinary  chemical  and  physical  forces.  Any  changes,  therefoie, 
in  such  external  agencies  as  a  species  may  have  been  originally 
adapted  to  exist  in,  will  militate  against  that  existence  in  a  degree 
proportionate,  perhaps  in  a  geometrical  ratio,  to  the  bulk  of  the 
species.  If  a  dry  season  be  gradually  prolonged,  the  large  mam- 
mal will  suffer  from  the  drought  sooner  than  the  small  one ; 
if  such  alteration  of  climate  affect  the  quantity  of  vegetable  food, 
the  bulky  llerhivore  will  first  feel  the  cliects  of  stinted  nourish- 
ment; if  new  enemies  are  introduced,  the  large  and  conspicuous 
quadruped  or  bird  wiU  faU  a  prey,  whilst  the  smaller  species  con- 
ceal themselves  and  escape.  Smaller  auauahs  arc  usually,  also, 
more  prolific  than  larger  ones.** 

The  actual  presence,  therefore,  of  small  species  of  animals  in 
countries  where  laiger  species  of  the  same  natural  families  for- 
merly existed,  is  not  the  consc  (lucnce  of  any  gradual  diminution 
of  the  size  of  such  species,  but  is  tlie  result  of  circumstances, 
which  may  be  illustrated  by  the  fable  of  the  *  Oak  and  the  Reed 
the  smaller  and  feebler  annuals  have  bent  and  accommodated 
themselves  to  changes  wliich  h:ne  destroyed  the  laiger  species. 
They  have  fared  better  in  the  *  battle  of  life.* 

Accepting  this  explanation  of  the  extirpation  of  species  as  true, 

•  On  Uio  Genus  mn^ni,  (Part  iv.).  Zool.  Trana.,  toI.  W.  p.  16  (Febnwiy  1850). 
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Mr.  Wallace  *  has  applied  it  to  the  cxtirpatiun  of  varieties ;  and 
as  these  do  ame  in  a  wild  species*  he  shows  how  such  deviations 
from  tyi>o  may  either  tend  to  the  destruction  of  a  variety,  or  to 

adapt  a  variety  to  some  changes  in  surroiindins^'  conditions,  under 
which  it  is  better  calculated  to  exist*  than  the  type-form  irom 
which  it  deviated. 

No  doubt  the  type-form  of  any  spedes  is  that  which  is  best 
adapted  to  the  couditions  under  which  such  species  at  the  time 
exists;  and  as  long  as  those  condlt  ins  remain  unchanged,  so  long 
will  die  type  remain;  all  varieties  departing  therefrom  being 
in  the  same  rado  lees  adapted  to  the  environing  conditions  of 
existence.  But  if  those  conditions  change,  then  the  variety  of  the 
species  at  an  antecedent  date  and  state  of  tilings  may  become 
the  ^pe-form  of  the  species  at  a  later  date,  and  in  an  altered 
state  of  things. 

in  Ills  work  '  On  the  Origin  of  Species  by  Natural  Selection,*'^ 
Mr,  Darwjn  more  fully  exemplifies, conjecturally, the  reciprocal 
influence  of  external  conditions  and  inherent  tendencies  to  variety, 
in  carr^  ing  on,  as  he  believes,  the,  deviations  from  type  to  specific 
and  higher  degrees  uf  diiierence. 

All  these,  however,  are  conceptions  of  what  may  have,  not 
observations  of  what  have,  originated  a  species.  Applied  to 
the  structures  which  differentiate  Tro<jlodi/tes  from  Homof  or 
Chiromr/s  from  Lrniur,^  they  arc  j)owerless  to  explain  them  :  and 
the  structural  ditferences  in  these  instances  are  ti^^^ater  than  in 
many  other  species  maintaining  their  distinction  by  sexual  in- 
capacity to  produce  fertile  hybrids. 

An  innate  tendency  or  susccptibilif y  in  an  oflfspring  to  differ 
from  a  parent  is  a  i'act  of  observation:  when  carried  beyond  a 
certain  point  the  issue  is  called,  from  its  rarity,  a  *  monster.'  But 
this  tendency  and  its  results  are  independent  of  internal  volitions 
and  external  iuiiueuces. 

*  PtoeMdiDgi  of  tlie  linneftn  Sodetjr,  AngoBt  185S,  p.  57.        *  Svo.  IBS9, 

*  On  the  Clasnflcatioo  nnd  G(X)gr<iphical  DiMtriV)ution  of  the  Mnmmalin,  8vo.  1859, 
p.  98b  *  TmuMetions  of  the  Zoolijgieal  Society,  toL  v.  p.  80. 
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Therefore,  %vith  every  disposition  to  acquire  information  and 
receive  instruction  as  to  how  species  become  such,  I  am  stall  com- 
pelled, as  in  1849,  to  confeBS  ignorance  of  the  mode  of  operataon 
of  the  natural  law  or  secondary  cause  of  their  suoceBsion  on  the 
earth,  lint  tliat  it  is  an  'orderly  succession/  or  according  to 
law»'  and  also  *  progressive '  or  iu  the  asceudiug  couise,  is  evident 
from  actual  Jcnowledge  of  extinct  specieB. 

The  inductive  basis  of  belief  in  the  operation  of  natural  law  or 
*  secondary  cause'  in  the  isuccci^slon  and  progression  of  organised 
species,  was  laid  by  the  demonstration  of  the  unity  of  plan  under- 
lying the  diversity  of  animal  structures,  as  exemplified  by  the 
detcnninations  of  special  and  general  homology ;  by  the  discover^' 
of  the  law  of  *  Irrelative  repetition ; '  by  observation  of  the  ana- 
logies of  transitory  embryonal  stages  in  a  higher  animal  to  the 
matured  forms  of  lower  animals ;  and  by  the  evidence  that  in  the 
scale  of  existing  nature,  as  in  the  development  of  the  imliviJuJ. 
and  in  the  succession  of  species  in  time,  there  is  exemplified  an 
ascent  from  the  general  or  lower  to  the  particular  or  higher  <xm* 
dition  of  organism. 

The  most  intelligible  idea  of  homologous  parts  iu  such  series 
is  that  they  are  due  to  inheritance.  How  inherited,  or  what  may 
be  the  manner  of  operance  of  the  secondary  cause  in  the  pro- 
duction  uf  species,  remains  in  the  hypothetical  state  exemplified 
by  the  guess-endeavours  of  Lamaecji,  Dak  win,  Wallace,  and 
others. 

In  the  lapse  of  ages,  hypothetacally  invoked  for  the  mutation 

of  specific  distinctions,  I  would  remark  that  Man  is  not  likely  to 
preserve  his  longer  than  contemporary  species  theirs.  Seeing 
the  greater  yaiiety  of  influences  to  which  he  is  subject,  the 
present  characters  of  the  human  kind  are  likely  to  be  sooner 

clianged  than  those  ui  lower  existing  species.    And,  with  such 

*  Bm)KK  I'uwli.i.,  quoting  from  tny  Work  '  Ou  the  Njituro  of  LiiiiLii,'  5vo.  1849,  p. 
86,  writes: — '  To  what  actual  or  sccoudurj'  cause'  ('Essays  on  the  Unity  of  \Vorld>,* 
185d,  p.  401),  instead  *  To  what  mttnial  lava  or  socondaiy  caxu»  tho  orderly  §iie- 
cesston  and  prog;re88ion  of  apociea  nay  hare  been  committed,  we  are,  as  yet,  ignonnt* 
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change  of  specific  character,  especially  if  it  should  be  in  the 
uoeonye  direction^  there  might  be  amodated  powen  of  pene- 
tratbg  the  firobleiiis  of  zoology  bo  far  traoBcending  those  of  our 

present  contlitiuu,  aa  to  be  equivaleut  to  a  clillercnt  and  liijjhcr 
phase  of  intellectual  action,  resulting  in  what  might  be  termed 
another  species  of  zoological  science. 

With  the  present  psychical  and  structural  characteristics  of  the 
liunian  species,  it  may  be  reasonably  concluded  that  those  of  other 
pxia^ng  species,  especially  of  the  distinctly  marked  vertebrate 
classes^  will  he,  at  leasts  codcnrrent  and  co<^during;  and^in  that 
sense,  we  may  accept  the  dictum  of  the  French  zoologist : — '  La 
stabilite  des  esp^ces  est  iine  conditiuu  nccessaire  a  Fexistence  de 
la  science  d'Histoire  Naturclle.'  At  the  same  timei  indulging  with 
Lamabck  in  hypothetical  views  of  transmutatiTe  and  selective 
inflnencea  during  soons  transcending  the  periods  allotted  to  the 
exktence  of  ourselves  and  our  contemporaries,  as  we  now  are,  we 
may  also  say; — *  La  nature  n'ofire  que  des  individua  qui  se  suc- 
c^ent  les  ims  auz  autres  par  voie  de  g^^ration^  et  qui  provien- 
nent  les  nns  des  autres.  Les  espdces  parmi  euz  ne  aont  que 
relatives^  et  ne  le  sont  que  temporairemenU' 
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ANATOMY  OF  VEKTEBRATES. 


CHAPTER  I. 


CHABACTEB8  OF  YSBTSBRATBfl. 

§  1.  Developmental  charartrrs. — Vertebrates,  like  lower  animals, 
be^D  in  a  semifluid  nitrogenous  substance  called  *  plasma,'  fig.  1 ,  A, 
n ;  primarily  differentiating  into  albumen,  fibrine,  lemma,  ib.  ^,  c*, 
nuclei  and  cells  ;  in  which  lat- 
ter form  the  individuality  of 
the  new  organism  first  dawns 
as  a  nucleated  *  germ-cell'  or 
germinal  yesicle,  ib.  </. 

Bj  the  evolution  of  albumi- 
noos  granules  andoil-partides 
plasma  becomes 'yolk/  fig.  1, 
B,  c ;  the  germinal  vesicle  maj 
be  obscured  by  endogenous 
multiplication  of  granules, gra- 
nular cells  and  oil-globules, 
wliich  combine  with  those  of 
the  yolk  to  form  its  genninal 
]>art :  an  outer  layer  of  *  1cm- 
ma,'  D,  ch,  completes  the  un- 
impregnated  vertebrate  egg. 

For  further  developement 
another  prindple  is  needed« 
vis.  the  hyaline  nudeus  or 

product  of  the  sperm-cell,  fig.  iOiu^mtMi.  ouxri. 

2,  called '  spermatozoon.'  Its  reception  by  the  egg,  as  at  a,  h,  fig. 

3,  is  followed  by  the  formation  of  a  germ-mass.  This  mass  is  due 

*  Gr.  lemma,  skin  ;  also  called  '  primary'  or  *  huscniciU'  inoinbranc  ;  distinguished, 
throagh  its  relations,  as  '  neurilemma,  surcolemmo,  odcuolcmma '  or  the  limitary 
of  gUnd*foUielai,  &a 


stages  of  developement  of  tbc  ovorUo  egg  of  a  rertebnto 
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of  dcvclopement  of  the  ovarian  cun  of  a  T6l(9* 
brat«axiliMl(eo«itiiiiierf).  OLzm. 


to  a  series  ot'  self-splittings  of  the  impregnated  centre,  which 

'  fissiparous'  progeny  aasimi- 
J>    yi^-^^ '       ^Nf2V  late  or  incorporate  more  or 

less  of  the  yolk.  In  fig.  4,  A, 
d  is  the  impregnated  geim- 
y  oik ;  e  the  fluid  between  it 
and  the  zona,/ ;  f  is  albumen 
from  whieh  the  chorion,  cho, 
arises.  In  b,  fig.  4,  is  shown 
the  first  divi;?iou  or  segmen- 
tation of  the  germ-yolk;  c 
sliows  the  second  division ;  and 
D,  a  later  stage  in  which  the 
properties  of  the  imprejjnated 
centre  have  been  diffiiaed 
and  distributed  by  fissiparoos 
multiplication  amongst  the  oountlesa  nucleated  ceUs  which  form 
the  germ-mass. 

Thus  far  the  vertebrate  germ  resembles  in  form^  structure,  and 
2  behaviour,  the  infusorial  monad  and  germ- 

stage  of  invertebrates.  The  next  stop  impresses 
upon  the  nascent  being  its  *  vertebrate  *  ty])e. 
Linear  rows  of  the  nucleated  cells  coalesce  and 
become  converted  into  the  nervous  axis,  which 
under  the  I'urm  or  appearance  of  a  double  chord, 
fig.  5,  chy  marks  the  dorsal  or  ^  neural '  aspect 
I.  w»A  ^ree  of  thc  cmbry onal  rudimeut.  The  nutritive  organs 
nucieiu  tiie  'HiK  nimt..-  gTOw  from  the  opposite  side.  Along  the  inter- 
10011  (Oock).  cutx^ii.  gpj^^g  Ymsoa  of  the  skeleton,  as  a 

gelatinous  cylinder,  in  a  membranous  sheath,  called  '  notochord,** 
8  which  developes  a  pair  of  plates  *  neurad  ** 

to  enclose  the  nervous  axis,  and  a  pair  of 

plates  'ha}mad'^  to  enclose  the  vascular 
axis  and  or£raiis  of  vctjetative  life.  Fle-h 
and  .skin  cocxtend  witli  the  eurlosing  plate*. 

This  formation  of  two  distinct  parallel 
cavities — *  neural '  and  *  haemal ' — under 
Bymmetrieal  guidance  in  the  vertical  or 
*  neuro-hsmal'  direction,  with  a  repeti- 
tion of  parts  on  the  right  and  leB^  sides, 
""•^S^^IvSKrr^^  estabUshing  transverse  or  ai-l«tenl* 

*  The  ''chorda  dortalis*  of  cmbryologists.        '  Backward  in  man,  upward  io  beastk 

*  Forward  in  man,  duvvLward  iu  beasts. 
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SUget  of  dsrelopeincnt  uf  a  vert«bra(«  g«nn  (Babbit),  OTU. 


ajfuimetry,  oonstitates  the  chief  developmental  characteristic  of 
the  vertebrate  animal. 

The  twofold  symmetry  is  shown  in  the  bono-scgment,  fig.  7 ; 
al:*o  in  the  flesh-segment  surrounding  the  skeletal  one  in  fig.  6, 
in  which  the  mid  point  ^ 
marks  the  *  noto- 
chord;'  with  the  neu- 
ral canal  above,  the 
hsemal  canal  below; 
both  florroiuided  by 
the  two  nemal  and 
two  hjBmal  numea  of  miiBclee  on  each  side. 

The  lanoelety  BranMo&kma^  fig.  23»  superinduces  its  distino- 
tm  characters  upon  this  stage.  Aponeurotic  septa  accompany  the 
pairs  of  nerves  and  divide  the  longitudinal  muscular  masses  into 
segments.  At  the  next  rise  segmentation  is  shown  by  the  develop- 
ment of  cartilage,  forming  pairs  of  plates,  fig.  5,  »,  ^ 
conmionly  corresponding  with  the  pairs  of  nerves 
sent  off  from  the  neural  axis,  and  witli  the  pairs 
of  vessels  trom  the  hiemal  axis.  As  these  plates 
ossify,  ossification  commonly  also  begins  at  cor- 
re*?ponding  points  of  the  notochord,  dividing  it 
into  as  many  central  parts  as  there  are  peri- 
pheral plates  or  arches,  and  constituting  skeletal 
segments  or  '  vertebrv ; '  accor£ng»  or  reducible 
to^  the  type*  fig.  7. 

§  2.  Structural  characters,  —  The  series  of  '  yertehne/  under 
thdr  several  modifications^  as  the  neural  or  hnmal  organs  ^ 
may  pred<miinate»  constitute  the  vertebral  column.  The 
neural  ans  conmsts  of  'encephalon'  or  brun,  and  of 
*myelon'  or  spinal  chord.  The  or^ns  of  the  five  sennos 
—  t4*ucli,  taste,  smell,  hearing,  and  sight —  are  usually 
present.  The  blood-discs,  fig.  8,  speedily  acquire  the  red 
colour  which,  by  their  number  and  minutenes!?,  they 

,  '       •'  ,  ^  Rortlon  of  a 

impart  to  the  whole  blocxl.  The  heart  is  a  compact  mus-  •royocomm*' 
cular  organ,  of  two  or  more  cavities,  propelling  the  blood,  m«otrMi«r» 


Qwm  of  a  Babbit  (Bvrjt 


through  a  closed  system  of  arteries  and  veins,  directly  to 
the  breathing-organ,  tad^  in  most  vertebrates,  directly  also  to  the 
body.  The  breathing-organ  communicates  with  the  pharynx.  The 
alimentary  canal  has  distinct  receptive  and  ezpellent  apertures, 
usually  at  opponte  ends  of  the  trunk.  The  mouth  is  provided 
with  two  jawsy  placed  one  above  or  before  the  other,  working 
in  the  direction  of  the  «ns  of  the  body.   The  muscles  surround 

a  s 
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the  bony  or  gristly  levera  on  which  they  act  The  limbs  do  not 
exceed  two  pairs.    The  sexes  are  distinct,  and  the  individiial 

is  developed  directly  from  an  impregnated  ovum.    Under  the 

vertebrate  plan  of  structure  animals 
*  fjrow  to  a  j^rcatcr  size  and  live  a 

loiit^cr  time,  than  under  any  of  the 
invertebrate  plans. 

§  3.  Piscine  modification.  —  All 
vertebrates,  during  more  or  less  of 
their  developmental  life-period,  float 
in  a  liquid  of  similar  spedfic  gravity 
to  themselves.  A  large  proporti<»i> 
constituting  the  lowest  organised  and 
first  developed  forms  of  the  pro- 
vince, exist  and  breathe  in  water, 
Of  thej^e  a  few  retain  the  primitive 
vermiform  condition  and  develope  no  limbs:  in  the  rest  they  are 
*  fins,'  of  simple  form,  movlni;  by  one  joint  upon  the  body,  rarely 
adapted  for  any  other  function  than  the  impulse  or  guidance 
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and  are  called  *  fishes.' 


•  •  ^ 


«i»]|tt{tbll<ftMMr;  c^Ooom;  4;GrM0dllB; 
<tFroci/,8lnii;  9,0dd4tali;  lltStaMk  oblt. 

of  the  body  through  the  water.  The  shape  of  tlie  l)ody  is  usually 
such  as  is  adapted  for  moving  with  legist  resistance  through  a 
liquid  medium.  The  sur&ce  of  the  body  is  either  smooth  and 
lubricous,  or  is  smoothly  covered  by  overlapping  scales,  is  rarely 
defended  by  bony  plates  or  roughened  by  tubercles,  still  more 
rarely  armed  with  spines. 

The  neural  axis  presents  but  one  local  enlargement,  at  the  fore 
end,  forming  the  '  encephalon ; '  it  b  small,  and  condsts  of  a  suc- 
cession of  simple  ganirl ionic  masses,  most  of  which  are  appro- 
priated to  the  iuiu  tioii  of  a  nerve  of  special  sense.  Touch  is 
feebly  exercised,  and  an  organ  for  that  sense  rarely  developed. 
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The  tongae^  as  an  organ  of  taste,  is  hardly  conspicuous;  the 
framework  sapporting  it  relates  chiefly  to  the  mechaniam  of  awal- 
lowing  and  breathiiig»  and  is  snapend^  to  a  pedicle  common  to  it 
and  the  man^ble.  Of  the  organ  of  hearing  there  is  no  outward 
sign;  but  the  essential  internal  part  or  ^labyrinth*  is  present, 
and  its  semlcircolar  canals  are,  in  most  iishes,  largely  developed. 
The  labyrinth  is  devoid  of  a  *  cochlea,*  and  is  rarely  provided  with 
a  proper  chamber,  but  is  lodged,  in  common  with  the  hi  a  in,  in 
the  cranial  cavity.  The  eyes  arc  usually  largo,  seldom  defended 
by  <  veiids,  and  never  served  by  a  lacrymal  apparatus.  The  ali- 
mentary canal  is  cummonly  short  and  gimplc,  with  the  divisions 
less  clearly  m*arked  than  in  higher  vertelirates ;  the  short  and 
wide  goHet  being  hardly  distinguishable  from  the  stomach.  The 
pancreatic  function  appears  to  be  performed  by  commonly  more 
or  fewer  enseal  appendages  to  the  duodenum.  The  heart  consists 
essentially  of  one  auricle  receiving  the  Tenons  blood,  and  one 
Tentricie  propelling  it  to  ihe  gills,  or  organs  submitting  that  blood 
in  s  state  of  minute  subdiyision  to  tlie  action  of  aerated  water. 
From  the  gills  tiie  arterial  blood  is  carried  over  the  entire  body 
by  yesselsy  the  drcnlation  being  aided  by  the  contraction  of  the 
surrounding  muscles.  The  blood  is  cold,  or  with  a  temperature 
rarely  above  that  of  the  surrounding  medium.  The  coloured 
discs  are,  in  some  fishen,  subclrcular,  fig.  8,  ^;  in  others, 
subelHptical,  ib.  A,  or  elliptical;  comparatively  lai^e,  but  not 
the  largest  amongst  vertebrates.  The  primnnlial  renal  glands 
(corpora  Wolffid/ia)  are  ]icrsi^tont,  and  «ci  rete  the  urine  from 
vcnou£»  blood.  Such  are  the  leading  anatomical  characters  of  the 
class  /'/>rr.«— Fishes. 

§  4.  MeptiUan  modific{itum»^MB.nj  fishes  have  a  bladder  of  air 
between  the  digestive  canal  and  kidneys,  which,  in  some,  com- 
municates by  ail  air-duct  with  the  gullet;  but  its  office  is  chiefly 
hydrostatic*  When^  in  the  rise  of  structure,  this  air-bladder 
begins  to  assume  the  vascular  and  pharyngeal  relations,  with  the 
form  and  cellular  structure  of  lungs,  tiie  limbs  acquire  the 
character  of  feet;  at  forst,  as  in  Lepiitmren,  fig.  41,-^,-  thread- 
like and  many-jointed — then  biAurcate,  or  two-fingered,  with  the 
ordinary  elbow  and  wrist-joints  of  land-limbs  {Amphiuma),  fig. 
iOO,  B,  D, —  next,  tlirec-fin;^ered,  as  in  Proteus, — or  four-fingered, 
but  reduced  to  the  pectoral  pair,  as  in  S'lrcn.  From  those  gill- 
retaininiT  transitional  forms,  up  to  and  inclndinp;'  cr.K  odiles,  all 
c<il<  l-i)louded  vertebrate.-,  with  lungs,  breathing  air  directly,  are 
ctiiicd  Reptiles  (Jicptilia,  Cuv.).  The  heart  has  two  auricles; 
the  ventricle,  in  most,  is  impcxfectiy  diyided,  and  more  or  less  of 
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the  venous  blood  mixed  witli  the  arterial  blood  which  circulates 
over  the  body.  The  lungs  retain  the  form  of  bags,  with  cellule- 
vascular  walla,  yarjing  as  to  thicknesay  and  are  situated,  with  the 
other  oigana  of  vegetatiTe  life»  in  a  common  thoracio-abdommal 
cavity. 

§  5.  Avian  modifieaHaiL — When  ihe  lungs  become  spongy,  and 
the  cavity  of  the  air-bag  is  obliterated  by  the  multiplication  of 
vascular  cellules,  and  when  a  four-chambered  heart  transmits  the 

venous  blood  to  the  lunfjs,  and  pure  arterial  blood  to  the  body, 
the  temperature  is  raised,  and  is  iji;rnit;uiir(l  at  i'loin  9U°  to  105'* 
Fahr.,  whatever  may  be  that  of  tin  MirioundiDg  medium.  Of 
these  hot-blumled  vertebrates,  otie  class  has  the  lungs  iixed,  and 
communicating  with  air-cells  extending  into  the  abdomen,  and 
usually  other  parts  of  the  body ;  this  class  is  oviparous,  is  clothed 
with  feathersi  and  has  the  pectoral  limbs  modified  as  wings ;  it  is 
called  Aves  —  Birds. 

§  6.  ManmaUan  modffteaHmL  —  In  the  other  dasB  of  warm- 
blooded animab,  the  spongy  lungs  are  freely  suspended  and 
confined  to  a  tiioraeie  cavity,  defined  by  a  midriff  from  the 
abdomen;  the  class  is  hur-clad,  viviparous,  and  socklea  the 
young,  whence  it  is  called  Mammalia  —  Mammals. 

§  7.  Gear  fin  and  thermal  distinctions. —  The  broail  and  well- 
marked  characters  atlordcd  by  the  respiratory  system  will  prul*ably 
give  permanence  to  the  division,  so  coma  iiient  for  most  pur|X)scs, 
of  the  vertebrate  province  into  the  lour  great  classes  above 
defined,  vi2»  JPisces,  Meptilia,  Aves^  MammcdUu 

But  many  important  relations  and  affinities  are  thereby  masked. 
Although  tlie  last  two  classes  agree,  as  *  hot-blooded  vertebrates,' 
in  their  higher  cerebral  developement,  and  in  the  more  complex 
heart  and  lungs,  birds,  by  genetic  and  developmental  characters, 
as  well  as  by  tiie  general  plan  of  their  organisation,  are  more 
intimately  and  naturally  allied  to  the  oviparous  saurians  than  to 
the  viviparous  mammals.  In  their  generation  and  development, 
modern  butiacliians  differ  from  other  cold-blooded  air-breathers, 
and  agree  witli  fishes.  Present  knowledge  of  extinct  forms  more 
clearly  exposes  the  artificial  nature  oi  the  primary  groups  of  the 
oviparous  vertebrate'*.  An  important  link,  tlie  Pterornvria^  or 
flying  reptiles,  with  wings  and  air-sacs,  fig.  108^  more  closely 
connecting  birds  with  the  actual  remnant  of  the  reptilian  class,  has 
passed  away.  Other  extinct  orders  (  Gattocephala  and  Labyrintho-' 
dantia)  have  demonstrated  the  artificial  nature  of  the  distinction 
between  fishes  and  reptiles,  and  the  dose  transitionB  that  connect 
together  all  Ike  cold-blooded  vertebrates. 
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Thus  vertebrates  might  be  binarily  divided  into  oviparous,  u 
u.  HI.,  and  viviparous,  ly. ;  into  anaUantoio  or  branchiate  and 
allantoic  or  abranchiate ;  into  H<gmaiaihermalf^  having  the  foar« 
chambered  heart,  spongy  lungs,  hot  blood,  and  HmrnaJtociryalf 
having  less  perfect  breathing  organs,  less  complex  heart,  with  cold 
blood ;  and  each  of  such  divisions  are  artificial  and  convenient. 
It  suits  my  present  purpose  to  adopt  the  latter. 

§  8.  Subclasses  of  Hceviatocrya,  —  W  ith  the  best  iu.si<^ht  — 
peering  into  the  daik  vistas  of  the  remote  past  —  tiiat  one  can 
coniinaiKl  into  the  nature  of  the  .^trant^e  forms  which  then 
perislu  'l.  !niJ  combining  witli  palteontolugicul  research  the  results 
of  anatomical  an<l  (levelopiiicntal  scrutiny  of  existiiiL:;  vertehrat^a, 
the  following  seem  to  be  the  best  defined  cold-ljlooded  groups, 
each  with  such  characters  in  common  as  leads  to  their  being  called 
*  natural,*  and  of  a  value  which  may  be  expressed  by  the  term 
<  sub-class/ 

I.  DeRMOPTSRI.  hi.  PLAOlOSTOttl. 

XI.  Tbleostomi.  IV.  Dipnoa. 

y.  MOKOPKOA* 

SubdassL  Debmoptbri. — Body  vermiform,  limbless;  endo- 
skeleton  membrttno-cartilaginoas  and  notoohordal,*  ribless;  skin 

BcaJeless,  lubricous ;  a  vertical  fin-fold  bordering  the  hind  part  of 
the  body,  without  fiii-rayt« ;  myelon  opaline,  ductile,  elastic ;  no 
8)  uipalhetic  nerve;  organ  of  smell  single;  eyes  wantinGT,  or  very 
small:  optic  nerves  not  c^ub^inl^  each  other;  auditory  hibyrinth 
of  one  or  two  semicircular  canals;  mouth  jawless,  or  suctorial; 
alimentary  canal  straight,  pimple,  without  ca?cal  appcndai^e-^, 
pancreas,  or  spleen.  Branchial  function  independent  of  the  mouth ; 
heart,  without  '  bnUms  arteriosus;*  a  pulsatile  portal  sinus;  no 
swim-bladder ;  testes  and  ovaria  elongated  plates  without  ducts ; 
generative  outlet  peritoneal ;  ova  numerous,  small,  simultaneously 
developed,  and  impregnated  externally ;  cleavage  of  yolk  entire ; 
no  amnios  or  allantois ;  a  metamorphosis,  as,  e.  g.  from  Ammo- 
etsi€9  to  Peiromyzant  after  the  third  year  from  the  egg. 

Subclass  XL  Tkl£OSTOMI.^ — Body  pisciform,  with  medial  and 

'  Or.  kaima^  blood  ;  thermos^  hot. 

*  Or.  ilatiNa,  blood;  entm,  cold. 

*  Betaining  the  notocbot-d  or  primitive  baaU  of  the  vertebral  cuiumti. 

*  Tluf  w«)rd  (from  Or.  Idbf,  end  or  comiiletton ;  •Amm^  month })  refen  to  the  com- 
pletion of  the  mouth  by  opposing  upper  and  lower  jawe,  and  ako  to  It!  temiimd 
poritico,  opening  at  Uie  kit%  end  of  the  heed. 


Digitized  by  C 


8 


ANATOMT  OF  YEBTBBBATBS* 


parol  find,  supported  by  rays;  endoakeleton  in  most,  more  or 
less  ossified ;  hyoid  arch  attached  to  tympanic  pedicle ;  Bcapolar 
arch  attached  to  the  occiput ;  no  sternum :  skin  defended  by  scales 
or  plates ;  bnun  with  predominant  mesencephalon ;  myelon  opake, 
inelastic;  a  sympathetic  nerve;  organof  smell  double;  eyes  usually 
large,  with  bony  sclerotic ;  auditory  labyrinth  with  three  semi- 
circular canals,  in  the  cranial  cavity  ?  mouth  formed  by  upper  and 
luwer  jiiws,  opciiinu:  at  the  fore  part  of  the  head,  and  admittinrr  the 
respiratory  currcuts;  intestine,  in  most,  with  ])yloric  ap]>ciuhi<]fes 
and  spleen;  anus  in  front  of  urethra;  ah-hhulder  in  muat;  gills, 
free ;  branchial  outlet  single  on  each  side,  defended  l)y  a  bran- 
cluosteiral  flrip,  with  one  or  more  rnys  *,  tested  (*■  uillt ')  and  ovaries 
('rue*)  larire,  with  continuous  ducts  in  most;  OTa  very  numerous 
and  small,  aimultaneously  developed,  and  impregnated,  usually, 
externally ;  no  amnios  or  external  aliantois. 

Subclass  TIT.  PLAGiOf»TOMi. —  Endoskeleton  cartilacrinous,  or 
partially  ossified;  scajmlar  arch  (letiehed  from  occiput;  cxo- 
skeleton  as  osseous  granules  or  tubercles;  body  with  medial  and 
parial  fins,  the  hinder  paur  pelvic  in  position;  caudal-fiu  with 
produced  upper  lol)e  ;  brain  with  tlio  prosencephalon  predominant ; 
auditory  labyrinth  in  a  special  chamber ;  mouth,  in  most,  a  wide 
transverse  slit,  opening  below  the  head ;  intestine  with  a  spiral 
▼alve,  pancreas,  and  spleen;  no  air-bladder;  bulbua  arteriosus 
with  numerous  rows  of  valves;  gills,  in  most,  fixed,  and  widi 
several  branchial  outlets  on  each  side;  testes  of  moderate  size, 
with  sperm-duct  and  copulatory  apparatus ;  ovaries  with  few  and 
large  ova,  successively  developed  and  conveyed  away  by  a 
detached  oviduct ;  ova  impregnated  and,  in  some,  developed  in- 
ternally ;  embryo  without  amnios  or  aliantois,  and  witU  deciduous 
external  gills. 

Subclass  IV.  DiPNOA, — Endoskelcton  more  or  less  ossified; 
ribs  wanting,  or  short  and  firee;  parial  members  as  legs ;  brain  with 
predominant  prosencephalon ;  optic  nerves  not  decussatang ;  audi- 
tory labyrinth  in  a  special  chamber,  but  with  only  the  *  fenestra 
vestibuli;*  nostrils  communicating  with  the  mouth;  intestine, 
with  pancreas  and  spleen ;  air-bladder  as  a  pair  of  lung?*,  com- 
municating by  a  duct  and  glottis  with  the  hajmal  side  of  the 
pharynx;  heart,  in  most,  with  one  ventricle  and  two  auricles. 
Tcistes  of  nuMkralc  size,  with  spenn-ducts,  but  no  intromittent 
organs  or  clampers;  ovaries  with  detaclied  ovidncts;  ova  simulta- 
neously developed,  and,  in  most,  imprcL^natcd  externally.  Embryo 
without  amnios  or  aliantois,  and  with  external  gills* 
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Snbdasa  Y.  Monopnoa. — Endoekeleton  ossified;  exoskeleton 
in  most  as  horny  scales,  in  some  as  bony  scutes;  one  occipital 
condyle  ;  vomer  usually  single ;  trunk-ribs  long  and  curved.  Brain 
with  predominaiu  prf)seiicephalon.  Lahyrlnth  wiik  lH)th  fenestra 
Tcstibuli  and  feiie»tra  rotiintla;  a  tympanum  in  most;  lungs; 
heart  w  itli  two  auriclcj?,  and  with  the  Tt'iitru  le  more  or  less 
w>mpletely  divided.  Tester^  with  ducts  and  irit nuiiittent  organ. 
Ovaria  witli  detached  oviducts.  Ova  successively  developed, 
impregnated  w^ith  copulation*  An  aamioa  and  allantois.  No 
metamorphosis. 

S  9.  Orders  of  IL^MATOCBYA. 

Subclass  1.   Order  1.  CIBROSTOMI. 

Body  compressed ;  month  a  longitudinal  fissure  with  sub-rigid 
cirri  on  each  nde.  Pulsating  vessels  or  sinuses  in  place  of  heart. 
Blood  pale ;  free  pharyngeal  branchial  filaments^  and  a  branchial 
dilatation  of  the  oesophagus. 

Cxeu.  jBranchiostoma,  Ex,  Lancelet; 

Order  11.  CYCLOSTOML 

Body  cylindrical;  heart  distinct;  branchial  artery  without 
>M]lb:  })rafichiai  sacciform,  with  external  spiracles,  six  or  seven  on 
each  si<I(  .  l.lood  red.  Month  snbcir*"n1ar,  suctorial,  but  longitu- 
dinal when  closed.  Olfactory  sac  communicating  witb^  or  produced 
into>  a  canaL 

Gen.  Myxine*   JEx^  Hag«fislu 

Petromyzon,    Ex,  Lamprey. 

Subclass  IL  A.  Arterial  bulb  with  one  pair  of  Talves ;  optic 
nerves  decussating;  vertebra  biconcave. 

Order  lU.  MALACOPTEEI. 

Skin,  in  most  with  cycloid  scales,  in  a  few  with  ganoid  plates ; 
rarely  naked.  Fins  sup[)orted  by  rays,  all  of  which  (save  the  first 
in  the  dorsal  ai>d  po(^t<»ral,  in  pomc)  are  *  poft/  or  many-jointed ; 
a  swim-bladder  and  air-duct ;  peritoneal  outlets  in  many. 
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Suborder  I.  Apodes, 

Faui.  1.  SijuthrcntcIiidcE,    Ex,  Cuchia. 

2.  JS!nr(Pnl(l(je.    Ex,  Eel, 

3.  Gi/mnotidiB,    Ex,  Gymnotua. 

Suborder  IL  Abdominalbs. 

I'am.  1.  Heferopi/gii,    Ei\  Amblyupsis. 

2.  Clupeidcv.     Ex.  Herring. 

3.  SalmonidcB,    Ex,  Salmon. 

4.  ScopelidcB,    Ex.  Saurus. 

6.  Cluiracinidce.    Ex.  Myletes. 

6.  GaiaxidiB,    Ex,  GaLaxia& 

7.  Egocida,    Ex,  Pike. 

8.  Mormyrid^B,    Ex,  Mormynis. 

9.  CtfprinodoniUdm,   Ex,  Umber. 

10.  Ci/prinidtB,    Ex,  Carp. 

11.  Siluridtv,    Ex,  Sheat-fish. 

12.  Alepisaurid<B,    Ex,  JMarine  Sheat-fish. 

Suborder  III.  Phartkgoonathi. 
Fam.  1.  Scomber-esocidcB,    Ex,  Saurj-X^ike. 

Order  IV.  ANACANTHINI. 

Endoekeleton ossified;  exoskeletou  in  some  as  cycloid, in  ollierB 
as  ctenoid  scales;  fins  supported  by  flexible  numy-jointed  rays; 
ventrals  beneath  or  in  advance  of  the  pectorals^  or  wanting ;  swim- 

bladdtii,  when  present,  without  a  duct. 

Fam.  1.  OphididfB,    Ex,  Ophidium. 

2.  GadidcB,    Ex,  Cod. 

3.  Pleuronectidce,    Ex,  Plaice. 

Order  V.  ACAMHOPTERL 

Endoskeleton  ossified ;  cxoskeleton,  in  most,  as  ctenoid  scales ; 
fins  with  one  or  more  of  the  first  rays  unjointed  or  inflexible 
spines ;  ventrals,  in  most,  beneath  or  in  advance  of  the  pectorals ; 
duct  of  8wim*bladder  obliterated* 
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Suborder  L  Puabtnqognatui. 

Fam.  1.  Ckronddm.   Ex.  Chronns. 

2.  CycUMbridiB^   Ex.  Wraaae. 

3.  CUwhleMdiE.   Ex.  Pomacentrua. 

Suborder  IL   Acakthoptebi  vebi. 

f  am.  1.  Percida.    Ex.  Perch. 

2.  Sqvamndpennes.    Ex.  Clisetodon. 
3^  Spandce.    Ex,  Sea-bream^  Gilthead» 

4.  ScuenidiB.   Ex.  Maigre. 

5.  Lahyrw^obranthxL  Anabaa  or  Tree-climber* 
6«  MuffiHda.   Ex.  MuUet 

7.  Athennidm»    Ex.  Sand-amelt. 

8.  Sf)hifr(Eiii(l(P  (cycloid).    Ej.  Barracuda. 

9.  Scomber idcB  (cycloid).    Ex.  Maukt  rel. 

10.  ScIeropenidfT.    Ex.  Gurnard,  Miller's  thumb. 

11.  TcBnioideL    Ex.  Riband-fish. 

12.  Teuthr/idce.    Ex.  Lancet-fish* 

13.  FistularidcB,    Ex,  Pipe-mouth. 

14.  Gobiidce,    Ex.  Goby. 

15.  Blenniida  (cycloid).    Ex.  Wolf-fiah. 

16.  LopkHdiE  (akin  mnricate  or  naked).  Ex.  Angler.^ 

Order  VL  PLECTOGNAXHI. 

Endoskeletou  partly  ossified;  exoskeleton  as  gjinoid  stales, 
plateS)  or  spines;  ventrals  wanting  in  most;  maxillary  and  pre- 
maxillary  immoveably  connected  on  each  aide  of  tbe  jaw ;  awim- 
bladder  without  air-duct. 

Suborder  Sclsbodebmi. 
Fam.  I.  BaUtHni   Ex.  File-fiak 

Suborder  Apleuri  (ribless). 

Fam.  1.  OstractontidcB,    Ex,  Trunk-fish. 
2.  Gymnodontidm.    Ex.  Giobe-fiah. 

*  This  ftelectioQ  of  the  chief  fftmily-diversitics  of  the  vast  ncanthoptcrous  order  is 
designed,  like  the  families  cited  under  other  orders,  uaerel/  to  exemplify  it  by  familiar 
fisbea  with  Twnacular  names.  For  th«  characten  and  affinitiea  of  all  the  present 
known  acntliopteroiii  fiuniliM,  mo  Dr.  Qiiotbei'a  ioceelleiK  work,  CLXsmr., 
▼oL  fii. 
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Order  VIL  LOPHOBRAKCIIII. 

Endoskclcton  partially  ossified^  without  ribs ;  exoskeleton  ganoid ; 
^lls  tufted ;  opercular  aperture  Bmall ;  swim-bladder  without  air* 
duct.   Males  marsupiaL 

Fam.  !•  lUppocampidce,    Ex,  Sea-horse. 
2,  JSi^H^natJUdiB,    £x,  Pipe-iiiih. 

B.  Arterial  bull)  muscular,  with  more  ihaji  one  row  of  valvcii. 
OpUc  ner¥es  not  decussating. 

Order  VHI.  GANOmEL 

EndoBkeleton  cartilagmous,  partly  bony,  or  ossified ;  in  a  few. 
recent  and  in  most  paUeozoic  extinct  forms,  notochordal;  exo- 
skeleton as  ganoid  scales  or  plates ;  fins  usually  with  the  first 
ray  a  strong  spine  ;  caudal  fin  in  most  unsymmetrical ;  a  swim- 
bladder,  often  cellular,  and  with  an  air-duct;  intestine  in  many 
witii  a  c^iiai  valve. 

Suborder  I.  Lepidoganoidei. 

Fam*  1.  Salamandroidei,    Ex,  LepidosteUB,  PoIypteniS. 

2.  Pycnodontidcv,    Ex,  PycuodUB* 

3.  Lepidaidei,    Ex.  Dapedius. 

4.  LeptolepidiB.    Ex*  Leptolepis. 

5.  Acawthodeu    Ex*  Acanthodes. 

6.  Dipteridm*    Ex*  Dipterus. 

7.  CcsJacanthu    Ex.  Coelacanthus. 

8.  Iloloptyckidm,    Ex,  Holoptychius. 

Suborder  11.  PLAOOOANon>Bi, 

Fam*  1.  Sturionidcs,    Ex,  biurgeou. 
2.  Ostracostei,    Ex*  Ptenchthys. 

Subclass  III.    Order  IX.  HOLOCEPIIALL 

Endoskeleton  cartilaginous,  subnotochordal ;  cranial  wall  com- 
plete ;  tympanic  pedicle  confluent  therewith;  endoskeleton  as 
placoid  granules.  Anterior  dorsal  fin  with  a  strong  spine; 
mouth  tenninal,  beak- shaped ;  dental  plates  and  columns  fuseil 
with  the  jaws.  Optic  nerves  not  decussating.  Valves  of  )>uiljii«s 
arteriosus  multiseriaL    G'lihi  lauiiuar,  with  a  small  proportion  ot 
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the  border  free;  a  ?>lMgle  external  gill-aperture  on  each  side; 
opercular  and  brauchiostegal  rays.  Oviparous;  ova  few  aud  large. 

Fam.  1.  Chimmidm.    Ex.  ChimsBra,  CallorhyncliiiB. 

2.  JEdaphodontida,    Es^  Edai^odus^  Ischiodus,  Elasmodus.. 

Order  X  PLAGIOSTOML 

Eiidoekeletcm  cartilaginous  or  partially  ossified;  vertebra 
Inooncave ;  exoekeleton  as  placoid  granules  or  tubercles,  8|Hny  in 
some*  Mouth  transverse  on  the  lower  surface  of  the  head.  0^ptlc 
nenres  oommissurally  united,  not  decussating.  Valves  of  bulbue 
arterioens  niiiltiseriaL  Gills  attached  to  the  skin  by  the  outer 
margin,  with  intervening  giU-apertnres,  five  or  more  in  number^ 
on  each  side ;  no  opercidmn. 

Suborder  I.  Cestraphori.' 
(Spine  in  front  of  each  dorsal  fin ;  back  teeth  obtose.) 

Fam.  1.  HyhodontidcB,    Ex,  H}  l)odus, 

2.  CestraciontidiB,    Ex,  Cestracion. 

Suborder  11.  Selagiiii.  (Sharks,  brancliial  apertures  lateral.) 

Fam.  1.  Notidanidcs,    Ex,  Grey  Shark. 
2b  Spmaadm,    Ex,  Piked  Dog-fish. 

3.  ScyWada.   Ex.  Spotted  I^-fish. 

4.  NUtUantes.    Ex.  Tope. 

5.  Lamiddm.    Ex.  Porbeagle. 

6.  Alopeeida.    Ex.  Fox  Shark. 

7.  ScymniidtB,    Ex,  Greenland  Shark. 

8.  Squat litce.    Ex.  ^[oiik-fish. 

9.  Zt/g<£nid(£,    Ex,  Hammer-head  Sliark. 

Suborder  HI.  Batides.   (Bays,  branchial  apertures  inferior.) 

Fam.  1.  Pristidce,    Ex,  Saw-fish. 

2.  RhinohatidcB,    Ex,  Khinobates. 

3.  Torpedmidcp.    Ex,  Electric  ray. 

4.  Raiidm.    Ex,  Skate. 

6.  Trygamdm.   Ex.  Sting  Ray. 

6.  MyUcbatides.   Ex.  Eagle  Bay. 

7.  CephalopteHdm.  Ex.  Cephaloptems. 

>  Kextra,  a  weapon  ;  phero,  I  httat,  Mtaj  CKtUiet  species  of  this  group  are  known 
colj  by  Ms  foM  weapooi,  called '  IclitlijrodoniUiea* 
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(Transitional)  Order  XI.  PBOTOPTEEL 

Endoskeleton  notochordal,  partly  cartila^notis,  partly  osseous  ; 
no  ot'cipital  condyle ;  vomer  undivided ;  temporal  ibssae  ro<>f(*d. 
over  by  bone ;  pleurapophyses  sliort,  with  free  extremities  ;  exo^ 
skeleton  as  subcuticular  cycloid  scales ;  scapular  arch  attached  to 
occipot;  proximal  ends  of  hyoidean  and  tympano-mandibular 
arches  distinct    Vertical  fin  a  continaous  border  to  the  cona— 
pressed  tail.    Pectoral  and  yentral  fins  subulate,  many  jointed ;  the 
fimner  fringed  beneath ;  the  latter  pelvic  in  position ;  the  pelvis 
unattached  to  the  spine;  gills  filamentous,  free,  in  a  branchial 
chamber  with  a  single  yerticaL  outlet;  branchial  arches  nncon;- 
neoted  with  the  hyoid ;  air-bhtdder  double,  lung-like,  with  aii^uct» 
glottis,  and  pulmonary  Teuo.    Prosencephalon  predoounant  in 
brain;  nasal  sacs  sublabial  with  two  remote  extra-buocal  aper- 
tures ;  auditory  labyrinth  in  a  distinct  chamber ;  bulbus  arteriosus 
long,  with  two  lont^itudinal  valves ;  intestine  wit  li  a  spiral  valve, 
vent  anterior  to  urethra;  ovaria  distinct  from  oviducts. 

Fam.  l^renoideL   Ex,  Lepidosiren. 


Subchifls  IV.    Order  XIL  GANOCEPUALA.  {Extinct.) 

Endoskeleton  notochordal  and  osseous;  no  occipitiil  condyle; 
vomer  divided ;  temporal  fossa;  roofed  over  by  bone ;  hyoid  arch 
not  connected  with  tympanic  pedicle;  branchial  arches  (?)  un- 
connected  with  hyoid ;  exoskeleton  as  subganoid  scales ;  pleur- 
apophyses short  and  free.  Teeth  with  convcr<ring  inflected 
folds  of  cement  at  their  basal  half  l^ectoral  and  pelvic  limbs 
short,  slender,  three  or  four  digiUte ;  natatory. 

Genus  Dendrerpeton. 

Arche(fosauru8, 


Order  XML  LABYBINTHODONTIA. 

Head  defended,  in  Ganoccphala,  by  a  continuous  casqne  of 
externally  soulptured  and  unusually  hard  and  poUghed  ogaeoos 
plates,  includi„n;  the  supplementory  «p«it>orbitaa''  and  ««ip». 
temporal  bones,  but  leaving  a  «  fonmen  iMrietel«».»  Two  ood- 
pita  con,lyles.  Vomer  divided  ud  dentigeious.  Vertebrd 
^dios,  an  weU  u  archer  o«ified.  biconcave.  Pleurapophyse.  of 
the  trunk,  long  ,«i  bent.   Exodceleton,  in  Mme,  as  snJdl  ganoid 
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scales.  Teeth  Tendered  complex  hj  undulation  and  side  branches 
of  the  converging  folds  of  cement,  whence  the  name  of  the  order. 

GenuB  Rhombopholh. 

JLabyrinthodon^ 

Order  XIV.  BATRACHIA. 

Endoskeleton  ossified  ;  two  occipital  condyles ;  vomer  divided^ 
in  most  dentigeroas ;  temporal  foesie  unroofed;  scapular  arch 
detached  from  occiput ;  ribs  as  processes,  or  short,  atraight  and  free; 
skin  nude,  often  lubrioouB.  Limba  digitate*  triaegmentaL  Intestine 
without  spiral  valye,  rent  posterior  to  nretfara.  Embryonal  giUs» 
in  some  retained,  in  most  lost;  with  a  metamorphosiB  asaociating 
a  tail-less  body  with  puhnonaiy  respiration  and  a  heart  of  two 
anriclea  and  one  yentricle. 

Suborder  I.  Ophiomobfha. 

Fam.  C<BciliadcB,    I£x.  Cu&cilia. 

Suborder  II.  Ichtiiyomorpha. 

Fam.  Proteid(B,    Ex,  Siren,  Proteus, 

&ilamandridct*   Ex.  Newt*  Salamander. 

Suborder  III.  Theriohobpha.  Anura. 

Fam.  I .  Ar/Iossa,    Ex,  Pipa  or  Surinam  Toad, 

2.  RanidcE,    Ex,  Frog. 

3.  HylidcB,    Ex.  Tree-frog. 

4.  Biifonida,    Ex,  Toad. 

Subclaas  V.  Order  XV.  ICHTHYOPTERYGIA.'  {Extinct) 

Body  fish-like,  withont  neck  ;  iimlis  natatDi  ) ,  with  more  than 
five  mnltiarticulate  di frits ;  vertebra*  many,  short,  biconcave ;  no 
sacrum;  anterior  trunk-ribs  with  bifurcate  hea<ls;  an  ej)isternnm 
and  clavicles  :  po?t-orbital  and  snpra-temjmral  bones ;  a  foramen 
parietale  ;  maxiilaries  small ;  premaxillaries  Inner  and  Inrsre. 
Teeth  confined  to  maxillaryy  premaxillary,  and  premaudibular 
bones,  implanted  in  a  common  alveolar  groove,  penetrated  by 
conTerging  folds  of  cement  at  the  base ;  nostrils  twq»  small,  near 

■  Or.         a  flib  i  pteryx^  a  fla. 
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theorbitB;  orbits  large;  s  circle  ef  sclerotio  plate0»  Skinnaked^ 
foxming  a  vertical  tail-fin  (inferential^ 

Genus  Ichthyosaurus. 

Order  XVI.  SAUROPTEKYGIA.  {Extinct.) 

I3o(lv,  ill  most,  with  a  long  neck  ;  liiiil>s  luitatory,  with  not 
more  than  five  clients;  an  episteriiuni  uthI  clavicles;  vcrtehriu 
with  flattened,  or  slightly  cupped,  articular  Burfaces ;  a  sacrum 
of  one  or  two  vertebrse  for  the  attachment  of  the  pelvic  arch, 
in  Bome;  ribs  with  simple  heads;  no  post-orbital  and  supra* 
temporal  bones ;  lai^  temporal  and  other  vacuities  between 
certain  cranial  bones ;  a  foramen  parietale;  two  antorbital  nostrils; 
teeth  simple,  in  distinct  sockets  of  premaxillary,  mazillar^r* 
and  premandibular  bones^  rarely  on  the  palatine  or  pterygoid 
bones ;  maxillaries  larger  than  premaxillaries. 

Genera  FUwnaunu^  FUasaurut,  Nothosaurus^  J^lacadus* 

Order  XVIL  ANOMODONTIA.  {Extinct.) 

Teeth  wanting^  or  limited  to  a  single  maxillary  pair,  having  the 
form  and  proportions  of  tusks  ;  a  *  foramen  parietale ; '  two  ex- 
ternal nostrils ;  tympanic  pedicle  fixed ;  vertebne  biconcaye ;  an- 
terior trunk-ribs  with  a  bifurcate  head,  ischiopubic  symphysis 
continuous. 

Fam.  Dici^nodiULtia, 

A  long  ever-growing  tusk  in  each  maxillary  bone ;  pre>maxii- 
laries  connate^  forming  with  the  lower  jaw  a  beak-shaped  mouth, 
probably  sheathed  with  honu  Sacrum  of  more  than  two  verte- 
brae.   Limbs  ambulatory.   Ex.  Dicynodon. 

Fam.  Cryptod&ntia. 

Upper  as  well  as  lower  jaw  edentulous ;  jpremaxillaries  disiiuct 
and  produced.  lihynchosaurus. 

Premaxillaries  coiiliucnt,  short.    Ex.  Oudcnudon, 

Order  XVIII.  CHELONIA. 

Truuk-ribs  broad,  flat,  Buturaliy  ujiitcd,  forming  with  their 
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vertebrae,  tlie  stemiim,  and  dermal  hones,  an  expanded 
tlioracic-nlxlnininnl  <  :i-f\  into  which  the  limbb,  tail,  ami,  u.-^iially, 
the  head,  cuu  be  withdrawn ;  sacrum  of  more  than  two  vertebrae ; 
DO  teeth ;  external  nostril  single,  a  cavum  tympani ;  body  covered 
bj  horny  scales  in  most ;  ventricle  of  heart  single. 

Limbs  natatory.    Genus  Chelouc\  (Turtles.) 

T  ■   1  1    •        f  Triojwx,    (Mud  turtles.) 

^  I  J^mi/s,  (lerrapenes.) 

Limbs  terrestriaL      Testudo,  (Tortoises.) 

OnJer  XIX.  LACEBTILIA. 

Vcrtcbnc  proccelian,  with  a  single  transverse  process  on  each 
side,  and  with  sinMe-headed  ribs;  sacral  vertebra;  wantinu;,  or 
unt  exceeding  two;  two  external  nostrils;  eyes  with  moveable 
lids  ;  Ixidy  covered  by  horny,  sometimes  bony,  scale?. 

liimbfl  natatory,  no  sacrum.    £x>  Mosasannuu  (Extinct.) 
Limbs  ambulatory,  a  sacrum.    JEx,  Laoerta,  L* 
Liimbs  abortive,  no  sacrum.   Ex,  Anguis. 


Order  XX.  OPHIDIA. 

Vertebne  very  numerous,  proccelian,  with  single-headed  hollow 
ribs ;  no  sacrum ;  no  visible  limbs ;  two  external  nostrils ;  no 

cavum  tympani ;  eyeball  covered  by  an  immoveable  transparent 
lid.    Body  covered  by  horny  scales.    Teeth  anchylosed  to  jaw. 


Order  XXL  CKOCODILIA. 

Teeth  in  a  single  row,  implanted  in  distinct  sockets ; 
exteniul  nostril  single  and  tenniiial  or  sub-terminal.  Anterior 
trunk  vert(d)ra'  with  par- and  di-apophyses,  and  bliurcate  ribs; 
sacral  vertebra;  two,  each  supportiug  its  own  neural  arch ;  this 
arch  nsually  articulated  by  suture.  Tail  lonij,  vertically  com- 
pressed ;  ieet  short,  webbed.  Skin  protected  by  bony,  usually 
pitted,  plates.   Ventricle  of  heart  double. 

Suborder  AjkiriiicoiLiA  (vertebne  cupped  at  both  ends). 

Teleosaurus. 

Suborder  OPisrnoccELiA  (vertebne  convex  in  front,  concave 

behind)^    JEx»  Streptospondylus. 

Suborder  PkoC(i:lia  (vertebra;  concave  in  I'rout,  convex 

behind).    £jc,  Crocodilus. 

VOL.  I.  0 


Digitized  by  Google 


18 


ANATOKT  07  YBBTEBKATBS. 


Older  XXIL  DINOSAURIA.  (Extinct)  . 

Cervical  and  anterior  dorsal  vertebrae  with  par-  and  di-aijo- 
physes^  articulating  with  bifurcate  ribs ;  a  few  anterior  vertebne 
more  or  less  convex  in  front  and  cupped  behind;  the  rest 
with  flat  or  slightly  concave  articular  ends ;  dorsal  vertebrae  with 
a  neural  platform;  sacral  vertebne  exceeding  two  in  number; 
bodj  supported  on  four  strong,  ambulatory,  unguiculate  limbs. 
Skin  in  some  armed  by  bony  scutes.  Teeth  confined  to  upper 
and  lower  jaws ;  implanted  in  sockets.  Ventricle  of  heart  double 
(inferential ), 

Qenera,  Iguanodmif  SeeUdoiaurus,  Meffala§auru8* 

Order  XXIII.  rXErvOSAUiUA.  (Extinct.) 

Pectoral  members^  by  the  elongation  of  the  anti-brachrom 
and  fiflh  digit,  adapted  for  flight.  Vertebne  procoelian;  those 
of  the  neck  very  large,  those  of  the  pelvis  smalL  Anterior 
trunk-ribs  with  bifurcate  heads.    Most  of  the  bones  pnemnatic. 

Head  lar<Tc ;  jawf*  long,  and  armed  witlA  teetli.  Ventricle  of 
heart  double  ^iuierential). 

Genera,  IHmarphodon,  Ramphorhynckus,  Fterodaefyhu^ 
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CHAPTER  n. 

08S£0US  8YSTSM  OF  H^MATOCRYA* 

§  10,  Composition  of  hone, — The  Tertebrate  organisation  will 
be  first  described  as  manifested  in  the  great  cold-blooded  aeries^ 
under  the  diverse  modifications,  and  progreasiye  stages,  indicated 
by  the  characters  of  the  foregoing  subdivisions  of  the  dass. 
But  before  entering  upon  the  details  of  the  osseous  system,  some 
obsenrations  must  be  premised  on  the  vertebrate  skeleton  in  general. 

The  original  substance  of  all  animals  consists  of  a  lluid  with 
praTiiiles  and  cells.  In  the  course  of  developement  tubular  tracts 
are  ttTuied,  suiiie  of  which  })ecome  filled  with  *  neuriue'  or  nervous 
matter;  others  with  '  niyonine'  or  muscular  matter :  other  ]i(iit  ions 
are  converted  into  vessels,  glands,  &c. ;  but  a  great  proportion 
of  substance,  akin  to  primordial,  remiuna  as  *  cellular  tissue.' 
This,  as  a  rule^  becomes  hardened  in  certain  parts  of  the  body  of 
vertebrates  by  earthy  salts,  chiefly  phosphate  of  lime*  llius 
the  tissues  called  ^osteine'  or  bone,  and  ^dentine'  or  toothy 
sre  ccmstitated ;  between  which  the  chief  distinction  lies  in  the 
mode  of  arrangement  of  the  eartiiy  particles,  in  relation  to  the 
maintenance  of  a  more  or  less  free  circulation  of  the  nutrient 
juices  through  such  hardened  or  calcified  b(jdies. 

Fishes  have  the  smallest  pro|)ortion,  birds  the  largest  propor- 
tion, of  the  earthy  matter  in  their  hones.  The  animal  or  soft 
part  in  all  is  chiefly  a  gelatinous  substance* 

noFosnoMS  or  sastht  or  babd,>  and  op  aniical  or  soft,  hatter  nc 

THE  BONES  OF  THR  VERTEBRATE  AK1HAL8. 


Salmnn  Carp  Cod 

Soft  ....    60  62  40-40  34*30 

Hm4.  •   *   .  69-60  6S*70 


100^  100^  100^ 


'  Hus  liai  been  termed  inorganic  but  that  liic  combination  of  phosphorus  and 
cakiui  lui  em  taken  place  ia  nature  laTe  under  the  ioflueooei  of  aUring  organlon, 
tfmim  to  be  proved. 

C  8 
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Soft  . 
Hard. 


85-50 

64-50 

100-00 


81-04 
68-96 

10000 


lizard 

46-67 

100-00 


Soft  . 
Hard. 


Porpoise 
35-90 
64*10 

10000 


MAMMALS. 
Ox 
81-00 
69-00 


lOOOO 


Ivfon 
27-70 
79-80 

100*00 


Mxn 
31-08 
68*97 

100*00 


Soft  . 
Hard. 


Cooso 
,    .  32-91 


67-09 


100-00 


Turkey 

30*49 

69-51 

100-00 


Hawk 
2672 
73-28 

lOODO 


From  the  above  table  it  will  be  seen  that  the  bones  of  the 
firesh-water  fishes  have  more  animal  matter,  and  are,  consequently, 
lighter  than  those  of  fishes  from  the  denser  element  of  sea- 
water ;  and  that  the  marine  mammal  called  Porpoise  differs  little 
from  the  sea-fish  In  this  respect  The  batrachian  Frog  has  more 
animal  matter  in  it8  ])one.s  tlian  the  ophidian  or  saurian  reptiles, 
and  thereby,  as  In  other  respect*,  more  reseniiilLS  the  fish.  Ser- 
pents almost  e(iiial  birds  in  the  great  proportion  of  the  osseous 
snltr^.  and  heucc  the  density  and  ivory-like  whiteness  of  their 
bones. 

The  chemical  nature  of  the  hardening  particles,  and  of  the  soft 
basis  of  bone,  is  exemplified  in  the  subjoined  Table,  including  a 
species  of  each  of  the  four  classes  of  Yertebrata : — 


CBSKIGAI*  OaMKMITIOIN  OF  BOHBS. 


Hawk 

Hid 

Tortoise 

Cod 

rhos.jihrtte  of  lime,  wuii  trace  of  liuat« 

64-89 

59-68 

59-66 

57-29 

Carboiiati'  of  lime  .... 

7-03 

7-33 

1-2-53 

4-^0 

rhoaplmte  of  magnesia 

0-94 

1-32 

0-82 

2-40 

Sulphate,  carbonate,  and  chlorate  of 

sitda 

0-92 

0-69 

0-90 

1-10 

Gliitin  and  chondrin  .... 

25-73 

29-70 

81*76 

32-31 

0-99 

1-33 

1*84 

2-00 

100-00 

1001)0 

lOOHK) 

lOO-OO 
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§  11.  Developement  of  borne. — ^The  fMrimitiye  basia,  or  M)Ias- 
tema,'  of  bone  is  a  sabtransparent  glairy  nutter  containing 
nomeiooB  nunute  oorpnscles.    It  progressively  o 
scqoirea  increased  firmness;  sometimes  assmning 
a  membranous  or  ligamentous  state^  usually 
a  gristly  consistence,  before  its  conversion  into 
bone.    The  channfc  into  cartilage  is  noted  by 
the  appearance  of  miiuite  nucleated  cells ;  which  ^ 
increase  in  number  and  size,  and  are  aggregated  t 


in  r«>ws,  with  intercellular  tracts,  where  the  ossi-  -v--;  v?' 


fication  is  about  to  begin,  as  in  fig.  9.  These 
rows,  in  the  cartilaginous  basis  of  long  l)one8, 

are  vertical  to  its  ends ;  in  that  of  tiat  bones       ^ .   

they  are  vertical  to  the  margin.  The  cells  ^wch  in*  ndergone 
furthest  from  the  seat  of  ossification  are  flat-  flMtuw.  ou 
tened'and  in  close  contact;  nearest  that  seat  they  become  enlarged 
and  separated.  In  fig.  9,  a  is  the  intercellular  or  ^  interoolumnar ' 
tissue;  b  the  enlarged  cell-wall;  e 
the  nucleus.  The  first  appearance 
of  bone  is  that  of  minute  granules 
in  the  intercolumnar  and  intercellu- 
lar tissue,  fig.  10,  a.  Canals  are 
next  formed  in  the  bone,  by  aV)S()rj>- 
ti(Mi,  wliich  ultiniatolv  receive  blood- 
vessels,  and  become  the  *  vascular 
canals.*  The  imniediale  nulrltion  of 
bone  is  provided  fur  by  tlie  produc- 
tion of  minute  '  plasmatic  canals  '  Tmmtnt  wetton  of  Mmponnr  CMrtUase  Id 
^  ,  tbelimctaceoCoHUleatloii.  au 

firom  the  vascular  ones. 

In  most  fishes  the  plasmatic  canals  are  free  from  partial  dilata- 
tionsy  and  appear  as  in  the  magnified  section  of  bone,  fig  11 ;  where 
a  shows  the  area  of  the  *  vascular  canal/  and  b  the  orifices  of  the 
*  plasmatic  canals/  exposed  in  a  lon^tudinal  section  of  a  vascular 
canaL  In  some  fishes,  e.  g.  the  Garpike  {Belone),  partial  dilatations 
do  occur  in  the  plasmatic  canals,  of  ike  form  shown  in  fig.  12,  d;  and 
in  a  Seap-bream  ( Sar^us)  of  that  marked  c ;  in  the  Frog  they  are 
wider  and  more  defined,  as  in  the  two  dilatations  shown  at  a.  In 
serpents,  e.  g.  the  Pj/tlum,  they  are  commonly,  where  best  defined, 
of  the  elongate  oval  form  shown  in  i,  2,  and  3,  fig.  13  ;  but  in 
transverse  section  they  appear  as  in  5  and  6.  In  the  bird,  e.  g. 
the  Goldfinch,  they  have  the  form  shown  in  />,  fig.  12.  In  human 
bone  they  assume  the  forms  represented  in  fig.  14.  When  so 
defined  they  are  termed  '  lacuna '  or  '  bone-cells ;'  and,  in  some 
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degree,  characterise,  by  their  shape  and  size,  the  osseous  tissue  of 
the  respective  yertebrate  clafisea.    lu  the  concentric  linniiiaft  sur- 

11 


of  VMonlHT  cual  i^Svoau,  aO 

lomiduig  l3ie  yasotdar  canal,  fig.  15,  a,  a,  the  bone-oells  arc 
amnged  ooneentrically^  between  the  huninse^  with  the  long  axis 

12  18 


in  iJie  diiectioii  of  the  dienlar  line  of  iJie  plate.  Moat  of  the 
plasmatic  tabes  oontinaed  fixnn  tJie  Ixme-eeUs  pieiee  the  plates  at 
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right  angles  in  their  course  to  the  vascular  canal,  with  which  they 
communicate ;  and  they  form  the  14 
eseential  vehicle  of  the  material 
for  future  growth, 

§  12.  Grmcth  of  hone,  —  In 
fishes  the  bones  continue  to  grow 
throughout  life,  and  their  peri- 
phery, whether  in  the  flat  bones  of 
the  head  which  overlap  each  other, 

or  in  the  thicker  bones  that  inter-  The  forms  B*6uraed  by  the  bone-ceU«  in  man.  CU 

lock,  is  cartilaginous  or  membranous,  and  the  seat  of  progres- 
sive ossification.  The  long  bones  of  most  reptiles  retain  a  layer 
of  ossifying  cartilage  beneath  tlie  terminal  articular  cartilage ; 
and  growth  continues  at  their  extremities  while  life  endures. 

16 


Tnntverm  wctlon  from  tho  den?o  portion  of  tho  buma«  fomur.  cu 

Some  of  die  lonjx  bones  in  frogs,  birds,  and  most  of  those  in  mam- 
raals,  liave  their  ends  distinct  from  the  body  or  shaft  of  the  grow- 
ing bone;  these  separately  ossified  ends  are  termed  'epiphyses': 
the  seat  of  the  active  growth  of  the  shaft  is  in  a  cartilaginous 
crust  at  the  ends  supporting  the  epiphyses.  When  these  coalesce 
with  the  shaft,  growth  in  the  direction  of  the  bone's  axis  comes  to 
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an  end;  but  there  is  a  slower  growth  going  on  over  the  entire  peri- 
phery of  the  bone,  which  is  covered  by  a  membrane,  called  the 

*  periosteum.'  In  this  membrane,  the  vascular  system  of  a  bone, 
except  the  vessel  pupplying  tlic  niarrow-cavlty,  undergoes  the 
amount  of  subdivisimi  wliich  rcchiccs  it:s  capiihirios  to  dimensions 
suited  for  penetrating  the  pores  leading  to  the  vascular  canals, 
figs.  1 1  and  15,  a,  a. 

Thus  bone  is  a  living  and  vn^cular  part,  grnwinir  by  in- 
ternal molecular  addition  and  change,  and  h-n  Hii^  the  power  of 
repairing  fracture  or  other  injury.  The  shells  and  crusts  of 
molluscous  and  crustaceous  animals  are  nnvascular;  they  grow 
by  the  addition  of  layers  to  their  circumference,  may  be  cast  off 
when  too  small  for  the  growing  body,  aud  be  reproduced  of  a 
more  conformable  size.  When  fractured,  the  broken  parts  may 
be  cemented  together  by  newly  superadded  shell-substance  from 
without ;  but  are  not  unitable  by  die  action  of  the  fractured  sur- 
faces from  within. 

Extension  of  parts,  however,  is  not  the  sole  process  which 
takes  place  in  the  growth  oi  bone;  to  adapt  a  bone  to  its  destineil 
office  changes  are  wrr)Ught  in  it  by  the  removal  ol  part>  ]»rc- 
vinnsly  fonned.  In  iisbes,  indeed,  we  ol)>er\  e  a  jiiniple  unujodi- 
fied  increase.  To  whatever  extent  ilu'  lione  is  ossified,  that  part 
remains,  and  mnsennentlv  most  of  the  bones  of  fishes  are  solid  or 
g|x»ngy  in  their  interior,  except  where  the  ossification  has  been 
restricted  to  the  surface  of  the  primary  gristly  mould.'  The  bones 
of  the  heavy  and  sluggish  turtles  and  sloth?,  of  the  seals,  and  of 
the  whale-tribe,  are  solid.  Bnt  in  the  artive  land  quadmpeds,  the 
shaft  of  the  long  bones  of  the  limbs  is  hollow,  the  first  formed 
osseous  substance  being  absorbed,  as  new  bone  is  being  deposited 
from  without.  The  strength  and  lightness  of  the  limb-bones  are 
thus  increased  after  the  well-known  principle  of  the  hollow  column, 
which  Ghdileo,  by  means  of  a  straw  picked  up  from  his  prison 
floor,  exemplified,  as  an  evidence  of  design,  in  refutation  of  a 
charge  of  Atheism  brought  agiilnst  him  })y  the  Tn(|ui,»^ition.  The 
bones  of  birds,  especially  those  of  powerliil  iiight,  are  remarkalde 
ior  their  lightness.  The  osseous  tissue  itaeU'  is,  indeed,  more 
compact  than  in  other  animals;  but  Its  quantity  in  any  given 
bone  is  much  less,  the  most  admirable  economv  being  tnieeable 
throughout  the  skeleton  of  birds  in  the  advantageous  arrange- 

•  In  thi«i  case,  exemplified  in  bones  of  the  I.ophiux,  Ci/n.'^tt-Ms,  nnd  the  lower 
JiatTuchm,  fossilifotion,  which  affocfg  nnly  the  08«illcd  crust,  Kave«5  the  nppcnrance, 
Ibrougb  the  holution  of  the  unojs«itied  cartilage,  of  a  wide  mcUullary  cavitv,  which 
roighi  nialesd  itae  Palieoniologiii  in  hit  {alcKOCM, 
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incm  of  the  weipchty  matorial.  Thus,  in  the  long  bones,  the  cavi- 
(ie?  analogous  Uf  those  called  *  nuHlullary'  in  bea«=5ts,  aro  more 
cii|iacious,  ami  their  walls  are  niiieh  thinner:  a  large  aperture 
called  the  ^  pneumatic  forameu,*  near  one  end  of  the  bone,  com- 
municates with  its  interior;  and  an  air-cell,  or  prolongation  of  the 
liu^,  ifi  continued  into  and  lines  the  cavity  of  the  bone,  which  is 
thus  filled  with  rarefied  air  instead  of  marrow.  The  extremities 
of  such  air-bones  present  a  light  open  netp-work,  slender  columns 
shooting  across  in  different  directions  from  wall  to  wall^  and  these 
little  columns  are  likewise  hollow. 

In  the  mammalian  class,  the  air-cells  of  bone  are  confined  to 
the  head,  hikI  are  filled  from  the  ca^'itics  of  tiic  nose  or  car,  not 
tVi>m  the  hinffs.  Such  cells  are  called  *  frontal  sinuses,'  *an- 
tnim,'  *  spiu'noiilal,'  and  'ethmoidal  sinuses,'  in  man.  The 
fnnital  sinuses  extend  l)aekward  over  the  toi>  <jf  the  skull  in  the 
ruminant  and  some  other  quadrupeds,  and  penetrate  tlie  cores  of 
the  horns  in  oxen,  sheep,  and  certain  antelopes.  The  most  re- 
markable devclopemcnt  of  cranial  air-c(dls  is  presented  by  the  ele- 
phant; the  intellectual  physiognomy  of  this  huge  quadruped  being 
caused,  as  in  the  owl,  not  by  the  actual  capacity  of  the  brain  case, 
but  by  the  vast  extent  of  the  pneumatic  cellular  structure  between 
the  outer  and  inner  plates  of  the  skuU-wall. 

In  all  these  varied  modifications  of  the  osseous  tissue,  the  cavi- 
tie>  therein,  whether  mere  cancelli,  or  small  medullary  cavities 
as  in  the  Crocodile,  or  large  medullary  cavities  as  in  the  Ox,  or 
pneumatic  cavities  ami  sinu?cs  as  in  the  Owl,  are  the  result  of 
secondary  changes  by  absorption,  and  not  of  the  primitive  consti- 
tution of  the  hones.  These  are  solid  in  their  commencement  in 
all  classes,  and  the  vacuities  are  established  by  the  removal  of 
osseous  matter  previously  formed,  whilst  increase  proceeds  by 
fresh  bone  being  added  to  the  exterior  surface.  The  thinnest^ 
walled  and  widest  ur-bone  of  the  bird  of  flight  was  first  solid, 
next  a  marrow-bone,  and  finally  became  the  case  of  an  air-cell. 
The  solid  bones  of  the  Penguin,  and  the  medullary  bones  of  the 
Aptervx,  exemplify  arrested  stages  of  that  course  of  developement 
thrnuLrh  which  the  pneumatic  wing-bone  of  the  soaring  Kagle  hatl 
prcvioii>l\'  passed. 

But  these  mechanical  modifications  do  not  exhaust  all  the 
changes  through  which  the  parts  of  a  skeleton,  ultimately  l)eeom- 
ing  bone,  have  passed ;  they  have  been  previously  of  a  fibrous 
or  of  a  cartilaginous  tissue,  or  both.  Entire  skeletons,  and  parts 
of  skeletons,  of  vertebrate  animals  exhibit  arrests  of  these  early 
stages  of  developement;  and  this  quite  irrespective  of  the  grade  of 
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the  entira  aaiiiial  in  the  zoolu^lcal  scale.  The  capsule  of  the  eye- 
ball, fw  example,  in  man,  is  a  fibrous  membrane;  in  the  Turtle^  it 

is  gristle ;  in  the  Tunny,  bone.    The  skeletal  framework  of  the 

Lancelet  { Brnnchiostoma  )  does  not  pass  beyond  the  fibrous  sUi^t^c 
of  tlssiie-ohangc.  In  the  Sturnrcon  and  Skate  it  stops  at  the  prristly 
statrc,  and  hence  these  fishes  arc  called  *  cartilacrinous/  In  most 
fishes,  and  all  air-hreathing  vertebrates,  it  proi-ecds  to  the  bony 
stage,  with  the  subsequent  modifications  and  developementfi  above 
recited. 

§  13.  Classes  of  bone. — Bony  matter  is  ranonsly  disposed  in 
the  bodies  of  vertebrate  animals.  The  Trunk-fish^  fig.  16»  dn,  dp, 
dh,  the  Crocodile,  and  the  Armadillo  are  instances  of  its  accumu- 
lation upon  or  near  the  surface  of  the  body ;  and  hence  the  ball- 
proof  character  of  the  skin  of  the  largest  of  these  mailed  examples. 
The  most  constant  position  of  bone  is  around  the  central  masses 
of  the  nervous,  ib.  n,  and  vascular,  ib.  A,       systems,  with  rays 
thence  extending  into  the  middle  of  the  chief  muscular  masses, 
formins:  the  bases  of  the  limbs.    Portions  of  bone  are  also  deve- 
loped  to  protect  and  otherwise  subserve  the  organs  of  the  senses, 
and  in  some  s]>ecies  arc  found  encasing  mucus-duct^,  and  buried 
in  the  suljstance  of  certain  viscera  —  as,  e.  g.  the  heart  in  the 
Bullock  and  some  other  large  quadrupeds.    Strong  membranes, 
called  *  aponeurotic,'  and  certain  tendons,  become  bony  in  some 
animals;  as,  e.  g.  the  '  tentorium'  in  the  Cat,  the  temporal  fascia 
in  the  Turtle,  the  *  leaders'  of  the  leg-muscles  in  the  Turkey,  the 
nuchal  ligament  in  the  Mole,  and  certain  tendons  of  the  abdominal 

muscles  of  the  Kangaroo,  which,  so  ossified, 
are  called  l^e  ^  marsupial-bones.'  The  pri- 
mary classification  of  the  parts  of  the  osseous 
system  is,  therefore,  according  to  thdr  pre- 
valent position,  as  in  the  cases  above  cited. 
The  superficial  or  skin-bones  constitute  the 
*  dcrmo-skclcton' ;  *  the  deep-seate<l  bones,  in 
relation  to  the  nervous  axis  and  locomotion, 
form  the  *  neuro-skeleton' the  bones  con- 
Bevmcnt  of  nctiro-  wd  dcnao-  ncctcd  with  the  scnsc-ortrans  and  viscera 

lonn  the  splancnno-skeleton  ;  *  those  de- 
velo[)ed  in  tendons,  ligaments,  and  aponeuroses,  the  'sclero- 
skeleton.'* 

'  Gr.  firrma,  skin,  ami  skeleton. 

•  Gr.  imiron,  UL-rve,  and  skrlrtnn. 

■  Or.  gp/aychnon,  vucos,  or  inward  part,  and  sMdetwi. 

*  Or.  4c/«rat,  bud,  and  MefelDN. 
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In  tlie  arrangement  of  tlie  parts  of  the  dermo-,  splandmo-,  and 

jiclero-skeletons,  no  common  pattern  is  recognisable.  One  can 
but  di?cern  a  purpose  gained  by  such  bony  plates,  cases,  or  rods, 
in  sjkcial  relation  to  the  habits  and  well-being  of  the  creatures 
manifesting  them ;  but  the  diversity  in  the  number,  size,  shape, 
anil  relative  position  of  dermal,  tendinal,  and  visceral  bones  seems 
interminable.  The  ncuro-skeleton,  which  is  the  main  pail  of  the 
osseous  system,  and  might  be  termed  the  '  skeleton  proper,'  ex- 
emplifies not  only  the  principle  of  design  and  adaptation,  but 
tbat  of  unify  of  composition.  Its  parta  are  arranged  in  a  series 
of  stents  foUowing  and  articulating  with  each  other  in  the 
direction  of  the  aads  of  the  body. 

{  14.  Ti/pe  segmeni  cr  vertebra* — Each  complete  segment, 
called  *  vertebra,'  consists  of  a  series  of  osseous  pieces  arranged 
according  to  a  type  or  general  plan,  exem- 
plified in  fig.  17 ;  in  which  they  form  a 
hoop  or  arch  above,  and  another  beneath, 
a  central  piece.   The  upper  hoop,  encircling 
a  segment  of  the  nervnuH  axis,  is  called  the 
neuraP  arch,  n;  the  lower  hoop,  encircling 
a  part  of  the  vascular  system,  is  called  the 
haiiual  ^  arch,  li :  their  common  centre  is 
termed  the  ^  centrum.'^    The  neural  arch 
18  formed  hj  a  pair  of  bones,  called '  neurit 
pophyses,'*  n,  n,  and  l)y  a  bone  sometimes 
^ig£t  or  bifid,  called  the  'neural  spine/ 
nt:  it  also  sometimes  includes  a  pair  of 
Wes,  called  'diapophyses'*  d,  d.    The  hssmal  arch  is  formed  by 
a  pair  of  bones,  odled  *  plenrapophyses,'*  pi;  by  a  second  pair, 
cslled  *  hasmapophyses,'^  A ;  and  by  a  hone,  sometimes  bifid,  called 
As  'haemal  spine,'  hs.     It  also  sometimes  includes  parts,  or 
Wes,  called  *  parapi'physes."'  Bonee,  moreover,  may  be  developed 
which  diverge  as  rays  from  one  or  more  of  the  abus  e  parts. 

The  part*  of  a  vertebra  which  are  develo})ed  from  independent 
centres  of  ossification  are  called  *  autogenous ;  *  those  that  grow 
from  previously  ossified  parts  arc  called  *  exogenous  : '  the  autoge- 
nous parts  of  a  vertebra  are  its  *  elements,'  the  exo^^cnous  parts 
its  *  processes.'   No  part,  however,  is  absolutely  autogenous 

'  Or.  mawt  wrw9.  *  Or.  dSKo,  aerow,  and  opcpkmtu, 

*  Or.  haautt  UoodL  '  Or.  pleuron^  rib,  and  apnphumM, 
'  Or.  kmtrpn,  centre.  '  Gr.  for  blood,  and  apophastit. 

*  Gr.  for  iienre,  and  apcphutU,  a  pro-  *  Gr.  para,  triuisrene,  and  apophusis, 
idling  part. 
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throup^hout  the  vertebrate  series;  and  some  parts^  usually  exo- 
geuuus,  are  autogenous  in  a  few  instances. 

The  vertebral  elemciU-  are,  the  centrum 

18 

^,  c,  the  iieiirapojihTscs  ji ;  the  neural  spine 

a^'^^""^^^^!        ns,  the  pleurapophyses  pi,  the  hasmapo- 
^  ^   phyaes  A,  and  the  hsemal  spine  hs.  The 

exogenous  parts  are  the  diapophysiB  d,  the 
purapophysis  p,  the  zygapophyais  z^^  the  ana- 
pophysis  a,*  the  metapophysiB  iw,'  the  h3rpa^ 
])o[)hy8iB,  fig.  17,  and  the  epapophysis, 
^''^.y  fig-  17,  «•*  Of  the  autogenous  parts,  the 
*•  neural  spine  is  most  commonly  exonrenous: 

ClniiialtegiiMOCfrTatelnB  .        '  .       •'  ^  ' 


of  the  exosrenous  parts,  the  parapopLyses, 
dia[K)physes,  and  by  j*ajn>])li\ scs,  uro  sometime?  antOGTonons. 

Vertcbric  arc  subject  to  many  and  prreat  nKMliHeations — e.  as 
to  tlie  mimbor  of  tlie  elements  retained  in  their  comjwsition,  as  to 
the  form  and  pro[)ortion  of  the  elements,  and  even  as  to  the  reiatiTe 
position  of  the  elements;  but  the  latter  modification  ia  never 
carried  to  such  a  degree  aa  to  obscure  the  general  pattern  or 
type  of  the  bony  segment. 

Sometimes,  as  in  the  example,  fig.  18,  of  the  third  aegment  of 
the  human  skeleton,  the  neural  arch,  N,  ia  much  expanded,  the 
hieroal  one,  h,  is  contracted;  and,  in  the  expanded  neural  arch, 
the  autogenous  diapophyses,  dd,  are  wedjxed  between  the  ncura- 
puphyt-es,  n,  and  the  enormously  expanded  neural  s|>ine.  us,  ]Vloit3 
19  commonly,  as  in  the  example  irom  the  thorax,  fig. 

"  10,  the  hicmal  arcli,  //n,  is  mucli  expanded,  the  neural 

one  contracted  ;  and  the  parapophyais  is  repre- 
sented sometunes  by  the  exogenous  growtli  from 
the  centrum,  commonly  by  tliat,  p,  from  the  rib  pL 
Sometimes,  again,  as  is  exemplified  in  ^e  neck  of 
the  bird,  fig.  20,  and  the  tail  of  the  Crocodile,  both 
neural  and  haemal  arches  are  alike  contracted,  the 
^  pleurapophyaes,  pi,  being  excluded  from  the  latter, 

Tboracic*^^meiu«r  Standing  out  aa  continuations  of  the  confluent 
Tenebm  diapophyses  and  parapophyses ;  and  tlie  h^mal  arch 
being  formed,  either  by  liarniapophyses  (Crocodile),  fig.  7.  or 
hypapophyses  (l>ird),  fig.  20,  ht/.  Such  vertebne  deviate  but 
little  from  the  ideal  tvj^e,  nndei-  its  less  developed  condition, 
as  in  fig.  7.    The  segments  are  commonly  simplified  and  made 

«  Gr.  ;ni^,  Jonetion,  and  apophvsh.        *  Gr.  Ai^  Mow,  and  apopkiuia, 
^  Gr.  ana,  backwards,  and  apophwdt.       *  Qr.  epi,  abOTe,  and  apopkutit, 
^  Gr.  metOf  belireeu,  and  apophusu. 
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extreme  , 
S  which,  Vj^, 

>  U,  10,    'fT  i.  f 


s^maller  thev  appr»»ach  the  end  of  the  vertebral  c  iuu in  :  i  iio 
element  or  proce-.-  aUer  another  is  removetl,  until  the  vcrubra 
is  reilucol  tty  its  centrum,  a:?  in  the  subjoined  diagram,  fig.  21, 
of  the  archetvpe  vertebrate  skeleton. 

§  15.  Archetype  skelettfri, — In  this  srhcine,  which  gives 
Tiew  of  the  series  of  segments  or  *  vertebrae  '  of  jo 
which  the  skeleton  is  composed,  the  extreme 
ones  are  the  «eat  of  those  mtKlificatioiiB,  which, 
aooarding  to  their  kind  and  degree, 
rlaiw  characlcra  uptm  the  type. 

The  four  anterior  neui^Mphjses, 
a  6,  9,  giye  iflsue  to  the  nerreB,  the  tenmnal 
modificatioiiB  of  which  omstitiite  die  organs 

of  special  sense.    That  of  smell,  4,  19,  is     ^  ,  . 

situated  in  advance  of  its  proper  (nasal)  se^r-  Tm«^f• 
meut,  which  becomes  variously  modified  to  enclose  and  protect 
it,  Tlie  organ  of  sight,  lodgeil  in  a  cavity  or  *  orbit*  be- 
tween its  own  (the  frontal)  and  the  nasal  segment,  is  here 
drawn  alx)ve  that  interspace.  The  nerve  of  taste  jx^rforates 
the  neurai>ophysis  of  the  third  segment,  6.  or  passes  by 
a  notch  between  this  and  the  frontal  segment,  to  expand  in  the 
sense-organ,  or  '  tongue,'  which  is  supported  by  the  hsemal  spme, 
41,  42,  of  its  own  (parietal)  segment.  The  fourth  is  the  organ 
of  hearing,  16,  indicated  above  the  intcr>])ace  between  the  neura-' 
pophjsis  of  its  own  (occipital)  and  that  of  the  antecedent  (parietal) 
vertehra,  in  which  it  is  always  lodged ;  the  surrounding  Tertebral 
elements  being  modified  to  form  the  carity  for  its  reception,  which 
is  called  'otociane.' 

The  jaws  are  the  mo^ed  htemal  arches  of  the  first  two  s^ 
ments.  The  mouth  opens  at  tiie  interspace  between  these  haemal 
arches  ;  the  position  of  the  Tent  varies  (in  fishes),  but  always 
oi>ens  behind  the  pelvic  arch,  8,  C2,  63,  />,  when  tliis  is  ossified. 

Outlines  of  the  chief  developenients  of  the  dennoskeleton.  in 
different  vertebratcsv  which  are  usually  more  or  less  ossified,  are 
added  to  the  neuroskeletal  archetype  ;  as,  e.  g.  the  median  horn 
supported  by  the  nasal  spine,  is,  in  the  rhinoceros;  the  pair  of 
lateral  horns  developed  from  the  frontal  spine,  11,  in  most  rumi- 
nants; the  median  folds,  d  1,  d  11,  above  the  neural  spines,  one  or 
more  in  number,  constituting  the  '  dorsal '  fin  or  fins  in  fishes  and 
cetaceans,  and  the  dorsal  hump  or  humps  in  the  bulKdoes  and 
camels ;  similar  folds  are  sometimes  developed  at  the  end  of  the 
tail,  forming  a  *  caudal '  fin,  c,  and  beneath  the  luemal  spines, 
constituting  the  *  anal '  fin  or  fins,  a,  of  fishes. 
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The  different  elements  of  the  pri- 
mary segments  are  distinguished  hy 
peculiar  markings : — 

The  neurapophyses  by  diago- 
nal lines,  thus  — 

The  diapophyses  by  vertical 
lines — 

The  paiapopltyses  by  horkon- 
tol  tinea— 

The  centrum  by  decnasatiiig  i 
horizontal  and  yertical  lines —  i 
The  pleurapophysea  by  diago- 
nal lines — 

The  appendages  by  dots — ! 
The  neural  spines  and  haemal  spines 
are  left  blank. 

In  certain  segments  the  elements 
are  also  specified  by  the  initials  of 
their  names : — 

ns  is  the  neural  spine, 
n  is  the  neorapophysis. 
pi  is  the  pleurapophyns* 
e  is  the  centnim. 
h  is  the  luemapophysis,  also  indi- 
cated by  the  numbers  21^  29, 

44,  52,  ftS,  63,  64.* 

hs  is  the  Invmal  spine. 
a  is  the  api)endage. 

The  centrum  is  the  most  constant 
vertebral  element  as  to  its  existence, 
but  not  as  to  its  ossification.  There 
are  some  living  fishes,  and  formerly 
there  were  many,  now  extinct,  in 
which,  whilst  the  peripheral  elements 
of  the  vertebra  become  ossified,  the 
central  one  remains  nnossified;  and 
here  a  few  words  are  requisite  as  to 
the  developement  of  vertebne. 

§  16.  Developement  of  vertehrct. — 
The  central  basis  of  the  neuroskelcton 
is  laid  down  in  the  embryo  of  every 
vertebrate  animal  as  a  more  or  less 


*  See  *Tabu  ov  Snromn^  Qpedd  Hbmdlogieib*  fiir  llie  nanus  of  tlie  boD«i 
indicated  Iqr  nomben. 
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or  ImwIs  at 
yetstinoiu  drorda 


cylincbrical  fibrous  sheath,  filled  inth  mmple  oeOs  oontaining  jelly. 
The  centrums,  or  *  bodies  of  the  vertebrae,'  are  developed  in  and 
from  the  iiotocliord.  The  bases  of  the  other  elements  are  laid 
down  in  fibrous  bands,  diverg-ing  from  tlic  nutochord,  and  giving 
the  first  indication  of  the  segmental  character  of  the  skeleton. 

In  Dermitpteri  the  ncu-  ■dpoMnibii 
ral  and  hicmal  canals  are  0car»ican*i 
ibmied  by  a  separation  of  toneriw 
the  layers  of  the  outer  ^^^on^ty 
division  of  the  sheath  of 

^1^^  nOtOChord    fi  <»■  2  2      A  ^<"^"*1  section  of  vcrtcbnU  column  of  Mifxime.  xxi. 

transverse  partition  divides  the  larger  portion  of  the  neural  canaly 
lodging  the  myelon,  firom  a  smaller  portion  above  oontaining 
adipose  tissoe.  In  the  Lanoelet  the  substance  of  the  noto- 
cfaord,  fig.  23^  eht  consists  of  a  number  of  circular  discoid 
or  flattened  vesicles,  pressed  one  upon  another  within  the 
sheath,  like  a  pile  of  coins  in  a  purse ;  the  sheath  is  strength- 
ened by  a  longitudinal  filamentary  ligament  a})ove  and  below. 
Aponeurotic  septa  pass  off,  with  each  pair  of  nerves,  to  the 
inters j)aces  of  the  muscular  segments,  giving  attachments  to 
the  fibres.    A  median  vertical  membrane  ribes  from  the  neural 


IHignm  of  autoiajr  of  tbe  Luoeiiet, 


sheath,  and  beyond  the  abdominal  cavity  descends  fiom  the  hnmal 

sheath,  passing  between  the  right  and  left  series  of  myocommata. 
The  dermo-neural  and  demio-haimal  8i)ines  are  indicated  by  short 
linear  series  of  firmly  adhering  tiattened  cylindrical  cells.  The 
next  step  in  the  skeletal  tissues  is  shown  in  a  pair  of  jointed 
cartilaginous  filaments,  fig.  23,  hy  which  bound  or  strengthen  the 
borders  of  the  longitudinal  oral  slit,  each  cartilage  supporting  on 
conical  prominences  the  oral  cirri  (ib.  f,  f)\  numerous  carti- 
higinous  filaments  strengthen  the  sides  of  the  branchial  cavity,  ib. 
a,  with  intervening  fissures^  not  opening  upon  the  skin.  In  the 
Lamprey  cartihiginons  neurapophyses,  fig.  24,  n,  n,  strengthen  the 
sides  of  the  neural  canaL   In  tiie  Sturgeon,  fig.  25,  ^e  inner 
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layer  of  the  notochonlal  capsule  has  assumed  the  texture  of  tough 

Iiyalinc  cartilage;  and  not  only  are  linn  opake  cartUaginouB 
ueurapophysea  present,  but  also  parapophyses,  pleurapophyses. 


24 


flbro-cdipoM 
ami 

nninU  canal 
gclatlnouis  rliorda 

Inner  Inycr  <>f 
fll>rt>UH  rai<*ulo  as 


plcarxpopbjrvU 


Foro  iMurt  of  tkuloton,  L«mprcy  (Ptiromyzoni 

and  neural  spines.    The  part  of  the  nearapophysis  bounding^  the 

true  neural  canal  is  usually  distinct  from  that  boundini;  the  fat- 
fiUcd  fissure  ahovc.  The  ]>arapo]>hyse8  are  unltL<l  l>y  a  con- 
tinuous plate  of  cartilage  loruiiug  an  inverted  arch  beneath  the 

aorta,  in  the  trunk,  ana- 
^  logous  to  that  formed  by 

Ineim titfiie  boue  in  the  lower  neck- 

Tcrtebra?  of  birds,  fig.  20. 

In  the  Chimcera  slen- 
der   suboflsified  rings 

pMrapophysis  ftppcw  ui  the  CBrtilsgi" 
intem«»i  ctftOMe  nou8  shcath  of  the  noto- 

chord,  which  are  more 

numerous  than  the  neu- 
ral  archc?.  These,  where  unconfluent  with  each  other,  are 
distinct  also  Worn  the  ])arap(>physes,  which  in- the  tail  bend 
down  to  i'orni  the  lurnial  arches.  In  the  ^Mediterranean  (irev 
Shark  [Nutidft/ius  ciurn  us^  the  vertebral  centres  are  still  feebly 
and  irrelatively  marked  out  by  numerous  slender  rings  of  hard 
cartilage  in  the  notochordal  capsule,  the  number  of  vertcbne  being 
more  definitely  indicated  by  the  neurapophyaes  and  parapophyses ; 
but  these  remain  cartilaginous. 

In  the  Lepidosiren  the  peripheral  vertebral  elements,  fig.  41,  n, 
ns,  p,  kSf  are  ossified,  but  the  notochord,  ch,  with  a  thicker  and 
condensed  capsule,  remains.  In  the  Piked  Dog-fish  {Aeantkias) 
the  vertebral  centres  coincide  in  number  with  the  neural  arches, 
and  are  defined  by  a  tliin  ])late  of  bone,  shaj>etl  like  an  hour- 
glass, and  forming  the  conical  cavity  at  each  end  of  the  centrum  : 
the  rest  of  which  is  cartilaginous  external  to  the  *  hour-glass.'  and 
sul)gelatinous  witliin  its  terminal  cavities.  In  the  Spotted  Dog- 
fish (^Sci^ ilium)  the  two  thin  bony  cones  of  each  centrum  are  con- 
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fluent  at  their  apices,  which  are  perlbratcd,  and  the  notochord, 
reduced  to  a  beaded  form^  is  continued  through  them:  the 
exterior  of  the  bonj  cones  is  occupied  by 
a  clear  cartilage.  In  the  Porbeagle  Shark 
{Ltama  canuthiea)  further  oedfication  of 
iJie  conical  plate  has  reduced  the  central 
eommunication  to  a  miuute  foramen.  Os- 
aeoos  pUtes  haTe  also  been  developed  in 
the  exterior  clear  cartilage :  these  plates 
are  triangular,  parallel  with  the  axis  of  the 
vertebra,  their  apices  converging  towards 

the  centre  :   the  interspaces  are  filled  by    vmicm  tmn.vem-  «o.t:„n  of 
cartilage.    In  the  great  Basking  Shark     cvutmm  ot  stiacju  maxi,na 

iSelache  maxima)  fig.  26,  the  longitudinal  bony  laminie  are  more 
nnmeFous  and  shorter  than  in  Lamna,  are  peripheral  in  position, 
aad  extend  about  one-third  of  the  vay  towards  the  centre  of  the 
mtmpace  between  the  terminal  cones,  the  rest  bdng  occupied  hj 
a  series  of  concentric  cylinders  of  bone,  interrupted  by  four 
ccHucal  converging  cavities,  filled  by  cartilage ;  of  these,  two,  n,  n, 
are  dosed  by  the  bases  of  the  neurapophyses,  and  two,  p,  p,  by 
those  of  the  i)arai>ophyses.  There  is  a  transition  from  the  cylin- 
drical to  the  lonf^tudinally  lamellar  structure,  the  exterior  and 
lar^rest  of  the  cylinders  sending  out  processes  which  join  the  in- 
ternal margins  of  the  converging  lamellaj.  In  the  ^lonk-fish 
i  Sf/uatina)  the  osseous  part  of  the  cenlrum  between  the  termi- 
nal cones  18  entirely  in  the  form  of  concentric  layers,  few  in  number, 
and  decreasing  in  breadth  as  they  approach  the  centre.  In  the 
Cestracion  there  are  no  concentric  cylinders,  but  only  longitudinal 
lamella,  radiating  firom  the  centre  to  the  circumference,  and  giving 
off  short  lateral  plates  as  they  diverge. 

In  the  Topes  (Galeus),  the  Blue  l%arks  {Careharias),  and  in 
most  sharks  which  possess  the  nictitating  eyelid,  may  be  seen  the 
most  advanced  stage  of  ossification  in  the  cartilaginous  fishes : 
the  entire  centrum,  save  at  the  four  cavities  closed  ])y  the  ncur- 
and  par-apophyses,  is  occupied  by  a  coarse  bone,  more  compact 
where  it  forms  the  smooth  exterior  surface  and  that  of  the  ter- 
minal articular  cavities*  In  osseous  fishes  (most  Tpleostami)  the 
near-  and  par-apophysial  cavities  are  obliterated  by  bone,  and 
the  neuiw  and  par-apophyses  are  confluent,  or  suturally  joined, 
with  the  centrum ;  but  they  retain  a  greater  proportion,  than  in 
bi^ier  classes,  of  the  primitive  gelatinous  basis,  which  fills  up  the 
deep  cone*or  cup  at  each  end  of  the  centrum,  fig.  27,  c  e.  Only 
in  die  ganoid  L^epHotUtu^  among  fishes,  does  ossification  so  extend 
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as  to  obliterate  the  front  cavity,  and  protrade  into  the  hind  cavity 
of  the  preceding  vertebra,  i\<r.  28 ;  tbiis  establishing  a  cup-and- 

ball  articulation  on  the  *  opisthoc<rIian '  plan. 
The  cup-aud-bali  structure  prevailB  throughout 
the  air-breathing,  land-seeking,  or  terrestrial^ 
H<Bmatocri/a,  So  interlocked,  the  vertebrse  are 
better  fitted  to  support  the  body  in  air,  and 
transfer  its  weight  to  legs.  Sometimes  the  cup 
is  behind,  as  in  tiiie  land-ealamander,  the  Suiinam 
toad  (Pipa\  and  some  extinct  crocodiles,  thence 
called  Streptospondylus ;  but,  as  a  general  rule,  existing  reptiles 
have  *procuiiiun'  vertebra?,  or  with  the  cup  in  front.    In  many 

extinct  reptiles  (*SVz2<ra/y^tTy(/iV/,  Dinosaiiria)  ossi- 
fication was  so  advanced  as  to  leave  no  cavity 
at  either  end  of  the  centrum;  and  these  j)art3 
were  ooarticulated  by  flattened  or  almost  flat- 
tened surfaces,  as  in  mammals.  Finally,  both 
extinct  and  recent  Beptilia  afford  instances  in 
which  the  parts  or  elements  of  the  yertebra  have 
coalesced  into  one  bone. 

The  progressive  stages  in  the  deyelopement  of 
a  vertebra,  wluch  have  been  illustrated  by  the  chief  of  those  at 
which  it  is  arrested  in  the  cold-blooded  series,  bear  a  close  analogy 
to  those  by  which  it  reaches  the  coalesced  condition  as  a  single 
bone  in  the  warm-blooded  classes.  The  jmncipal  secomlary  and 
ada[)tive  modifications  will  next  be  pointed  out  which  mark  with 
special  characters  the  collective  trunk-vertebrai  in  HcBniatocrycu 

§  17.  Vertebral  column  of  Fishes, — In  the  Sturgeon  {Aci" 
penser),  fig.  29,  the  first  five  or  six  neural  arches  are  confluent 
with  each  other  and  with  the  parapophyses,  forming  a  continuous 
sheath  of  firm  cartilage  (fig.  62),  inclosing  the  fore  part  of  the 
notochord,  ib.  a,  and  myelon,  and  perforated  fi>r  tiie  exit  of 
the  nerves.  The  tapering  end  of  tiie  notochord  is  continued 
forward  into  the  fiised  basal  elements  of  the  cranial  vertebrae, 
ib.  /7,  f/\  and  backward  into  the  base  and  upper  lobe  of  the 
tail-tin,  fig.  29,  C.  The  vertebraj  are  rci)rescnted  by  their 
peripheral  elements,  and  principally  by  the  neural  and  lia?mal 
arches.  The  j)leurapophyscs  are  limited  to  about  twelve  of 
the  anterior  trunk-vertebrse,  are  articulated  by  simple  heads 
to  parapophyses,  fig.  62,  and  rapidly  shorten  in  the  two  or 
three  hinder  pairs ;  the  large  ones  sometimes  consist  of  two  or 
three  pieces  joined  end  on  end,  like  the  modified  occipital  rib, 
called  'scapida.'    Vegetative  repetition  of  perivertebral  parts 
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DOt  only  manifesto  itself  in  the  dou])le  pleur- 
and  neur-apophyses  on  each  side,  but  in  small 
intemeiiral  and  interhicmal  cartilages,  fig.  25. 
These  ]>eripheral  cartilages  are  more  feebly 
developed  in  Spatularia. 

In  the  Cbimfldroids  {Hoiocephali)  the  bases 
of  the  neur-  and  par-apophyses  of  about  ten 
of  the  anterior  trank*Tertebr»  eoalesce  and 
form  A  oontinnous  accessary  cartikginous 
coYering  of  the  fore  part  of  the  notochord ; 
and  the  confluent  nemral  spines  here  form  a 
broad  and  high  compressed  plate.  Between 
iht  nenrapophyses  are  wedged  aooessory  in- 
temeoral  cartilages. 

In  ^otidanuSyAca?ith{as,Centrina,au(\  Sci/m- 
nrts,  the  interneuraU,  iig.  30,  resemble  the 
neura|>ophyses,  ib.  n,  inverted,  and  are  in- 
terposed, like  wedges,  between  them,  with 
the  apices  reaching  the  centrum,  lu  Sci/llium, 
MusteluSf  Sphyrna,  and  Carcharias,  the  in- 
terneurals  resemble  the  nenrapophyses  in  size 
and  shape,  but  occupy  a  position  above  the 
intervertebral  joint.  In  Galeus  the  '  vegeta- 
tive repetition '  is  further  exemplified  by  four 
stellate  points  of  ossification^  one  of  which  is 
intervertebral;  and  above  tiiese  are  rudiments 
of  neural  spmes.  The  spinal  nerve  directiy 
perforates  the  neurapophysis ;  or^  when  the 
two  roots  escape  separately,  one  also  per- 
forates the  interneural.  The  pleurapophy- 
ses  are  short  and  sim|)le  cartilages,  either 
wedged  into  the  interspaces  of  the  parapo- 
physes  (Notidanus,  Carcharids,  Sci/mnus), 
or  attached  to  the  ends  of  the  parapophyses 
(^Galeus)  of,  say,  the  twenty -six  anterior  verte- 
bras. In  Acanthias  there  may  be  forty  pairs 
of  such  riblets,  fig.  30,  pL 

In  the  flat  Plagiostmnes  (Skates,  fig.  64, 
Bays,  Torpedos)  vegetative  repetition  mani- 
fosto  itself  in  the  multiplication  of  vertebne^ 
and  especially  of  the  central  elements ;  which, 
as  indicated  by  their  rudimentary  osdfication 
in  ddmcarOf  are  commonly  more  wuneroiis 
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than  the  neural  areliea ;  nor  are  intemeural  andf  interhsemal  pieces . 
wanting.    In  Maia  elaoata  these  '  ossa  intercalaria '  constitute  the 

chief  part  of  the  neural  arcli,  at  the 
anterior  part  of  tlie  vertebral  column  ; 
whilst  the  neurapophyses  resume 
their  ordinary  share  in  its  formation 
at  the  posterior  part  of  the  column. 
In  Zygoma  there  arc  interspinal 
cartilages.  In  Rhinobatits  a  single 
spine  answers  to  two  vertebral  bodies^ 
and  we  may  well  suppose  this  muL- 
tiplication  of  central  pieces  to  have 
been  carried  still  fiurther  in  the  pri- 
nueval  fossil  Kay  {SpinaehM'hinwi) 
from  the  lower  Lias. 

In  the  anchylosed  cervical  verte- 
bras of  the  Skate  the  short  centrums 
are  indicated  by  transverse  bars  along 
the  middle  of  the  under  part.  In 
the  ^fonk-fish  (^S//uafhia)  the  body 
of  the  atlas  is  conliuent  with  the 
basioccii»ital,  but  the  neural  arch  re- 
mains distinct. 

The  parapophyses  in  most  Kays 
pass  forward,  and  then  backward,  the 
angle  of  one  fitting,  like  an  articular 
process,  into  the  notch  of  the  parac 
pophysis  in  advance:  they  do  not 
support  pleurapophyses ;  they  gradu- 
ally bend  down  behind  the  pelvic 
arch,  and  complete  the  hsemal  canal 
about  six  vertebra;  beyond  it;  the 
haimal  spines  become  flattened  in  the 
tail  of  some  Rays. 
In  osseous  fishes  a  trunk-vertebra  consists  of  a  biconcave  body, 
fig.  27,  c,  of  a  pair  of  neura])ophyses,  fig.  31,  «,  usually  develop- 
ing a  spine,  ib.  ns,  from  their  jK)int  of  coalescence  above  the 
•neural  canal  ;  and  of  a  pair  of  parapophyses,  ib.  p  ;  to  which 
are  added  in  the  abdominal  region  in  most  fishes,  and  also  in  the 
caudal  region  of  some,  a  pair  of  pleurapophyses,  pi,  figs.  31,  32* 
Ossification  usually  commences  in  the  bases  of  the  neur-  and 
par-apophyses,  and  in  the  terminal  cones  of  the  centrum;  it 
may  proceed  to  blend  the  six  points  into  one  bone,  and  fill 
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up  the  hollow  outside  the  cones,  as  indicated  by  the  dotted 
tract  in  the  section,  fig.  27.  Buty  in  some^  a  conunnnicating 
aperture  is  left  between  the 
terminal  cones,  as  indicated 
by  the  dotted  line  in  %.  31. 
In  many  fishes  the  plates 
by  which  the  bone  attains 
Ae  periphery  of  the  centrum 
leave  intcr:5paces  perraaiieiit- 
ly  occupied  by  cartilage, 
forminsf  cavities  in  the  dried 
or  fossil  bone,  or  triviiiir  a 
reticulate  i^u^iuce  to  the  sides 
of  the  centrum.  The  bases  of  the  neur-  and  par-apophyses 
sometimes  expand  so  as  to  wholly  inclose  the  centrum  bcsfore 
coalescing  therewith;  as,  for  example,  in  the  Tunny,  where 
the  line  of  demarcation  may  be  seen  at  the  border  of  the  articu- 
lar concavity. 

In  the  IHke  the  nenrapophyses  seldom,  in  the  Polypteru$  and 

never,  coalesce  with  the  centrum :  the  letter  9  shows  the 
neurapophysial  suture  in  fi*_'".  .>2.  In  the  Salmonidce  tlie  neur- 
ajK»i)liyses  remain  distinct  iiuin  both  the  centrum  and  from  each 
other,  in  the  anterior  vertebrfP  ;  where  each  developcs  a  lonp^  and 
slender  spine.*  The  parapoj)hyses  remain  for  some  time  distinct 
from  the  body  of  the  vertebra,  as  well  as  from  the  ribs.  In  the 
anterior  yertebne  of  the  Carp  the  nenrapophyses  remain  distinct, 
as  they  do  in  the  atlas  of  many  other  fishes,  and  a  suture  is  ob- 
eenrable  between  the  parapophyses  and  centrum  in  embryo  Cypri- 
noids.  In  each  yertebra  the  summits  of  the  two  nenrapophyses 
usually  become  anchylosed  together,  and  to  their  spine ;  but  in  the 
Lepidimren,  fig.  41,  the  spine  retains  its  character  as  a  distinct 
element,  and  is  always  attached  by  ligament  to  the  top  of  the 
neurapophysis,  as  it  is  iu  the  Stiirpreon,  fig.  25.  In  the  anterior 
abdominal  vertel)ne  of  the  TetruJun,  each  of  the  neurapupUyaes, 
though  they  coalesce  in  the  interspace  of  the  two  spines  to  form 
the  roof  of  the  neural  canal,  sends  up  its  own  broad  truncated 
Spine ;  and  these  are  not  much-developed  oblique  processes,  but 
gradually  approximate  and  blend  together,  to  form  the  single 
normal  spine  at  the  fifth  abdominal  vertebra.'  In  the  Barbel 
the  netiriil  ardies  ahw  support  two  spines,  but  one  is  placed 
behind  the  other. 


*  ZUT.  ToL  i  p.  16,  Na  46. 


*  lb.  tol  i  p.  61. 
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The  interspaces  of  the  neural  arches  are  occupied  i)y  a  fibrous 
aponeurosis— the  remains  of  the  primitive  covering  f)f  the  neural 

^,  axis :  but  in 
most  fishes  the 
arches  are  ad* 
ditLonaUyoon* 
nected  toge~ 
therbyartica- 
lar  or  oblique 
process  e  a 

.  ses):  in  the 
Pike  the  ante- 
rior   one,  fifj. 

32,  z,  is  present,  which  barely  touches  the  neural  nrch  in  iul\  anee  ; 
in  I^altfpUrus  it  overlaps  that  part.  In  the  i*erch  a  posterior 
zjgapophysia  projects  to  receive  the  overlapping  anterior  one^ 
the  relative  positions  being  the  reverse  of  those  in  most  air- 
breathing  vertebrates.  But,  in  some  fishes,  a  second  pair  of 
zygapophjses  are  developed,  which  resemble  the  normal  pur 
in  Ugfaer  vertebrates  in  relative  co-adaptation,  but  seem  to 
grow  as  exogenous  processes,  from  the  centrum  itself,  fig. 
31,  r.  It  is  also  peculiar  to  fishes  to  have  articular  processes 
developed  from  the  parajwphyses,  as,  e.  g.  in  the  ubduminul  region 
of  the  Rays,  and  from  the  caudal  vcrtebne  of  the  Sword-fish,  fig. 

33,  z.  In  the  Tunny  tliese  processes  are  branched,  and  form  a 
network  about  the  hirmal  canal.  In  Loricaria  peculiar  accessory 
processes  are  sent  out  from  the  neural  arch  of  the  seven  anterior  ver- 
tebras which  abut  against  the  lateral  shields  of  the  denno-ekeleton. 
The  parapophyses  are  short  in  some  fishes  {Salmo,  ChrpcBny  Amia), 
of  moderate  size  in  many,  and  longest  in  the  Cod-tribe,  fig.  34, 

where  they  expand  in  the  abdominal  region  and  sustain 
the  air-bladder  which  adheres  to  their  under  surfiuse.  In  one  species 
of  GaduSf  the  bladder  sends  processes  into  deeper  cavities  of  the 
parapophyses,  foreshowing,  as  it  were,  the  pneumatic  bones  of 
birds.  The  paraix)phy8e8  gradually  bend  lower  down  as  they 
a])])roach  the  tail,  where,  in  many  iidhcs,  they  unite  to  foruj  the 
haemal  canal.  In  Lepidosteus  ilie  canal  is  formed  by  the  pleura- 
pophyses :  whilst  these,  in  AmiUf  Thi/nnus,  and  some  others,  are 
appended  to  tlie  )>arapophy6ial  invert^  arches,  like  haemal  spines. 
In  Lepidosiren  the  elements  fig.  41,  which  in  the  abdomen 
represent  either  pleurapophyses  or  long  parapophyses,  bend  down 
in  the  tail  to  form  the  hiemal  arch.  Not  until  we  reach  the 
Batrachia  in  the  ascensive  comparison  do  we  find  true  'haema- 
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pophjses,'  fig.  43,  h,  fomiiDg  the  hiemal  arch  in  the  teO,  and 
coexisting  there  with  par-  and  pleur-apophyses,  ib.     and  pi. 

The  p]eurapoj)hyses  of  fishes  correspond  to  what  are  termed  in 
Comparative  Anatomy,  *  vertebral  ribs,'  and  in  Human  Anatomy 
*  false  or  floatinj:!^  rih.< : '  for,  with  few  excepllon.s,  of  wlilcli  tlie 
Herring  is  one,  fig.  37,  their  dij^tal  ends  are  not  conncrtfMl  \Tith 
any  bones  analogous  to  sternal  ribs  or  sternum  ;  i.  e.  tiie  ai)domen 
is  unclosed  below  by  the  osseous  parts  completLug  the  hasmal  arch. 
The  true  homologues  of  sternal  ribs  and  Btemum  retain  the  pnmitive 
aponeurotic  texture,  and  may  be  well  seen  in  the  Bream,  ex- 
tending item  the  ends  of  the  Tertebral  ribs.  These  elements,  or 
plenrapophyses,  figs.  31,  32,  pi,  are  usually  appended  to  the 
extremities  of  the  puapophyses,  the  artioulation  frequently  pre- 
senting a  redpTocal  notch  in  each*  But,  in  some  bony  fishes,  as 
FUstax,  the  ribs  artieulate  with  the  bodies  of  the  yertebne,  in  de- 
pressions behind  the  parapophyses ;  and  in  PoJyptenu  beneath  the 
parapophyses,  as  in  the  cartilaginous  Heptanchus,  Carcharias,  and 
Alopias, 

Between  the  floating  ribs  extends  an  aponeurosis,  the  renmins 
or  htjiiiologiie  of  tlie  primitive  fibrous  investment  f)f  the  alxiornen 
in  the  Lancelet  and  Lamprey.  In  the  Salmon  and  Dory  the  ribs 
continue  to  be  attached  to  some  of  the  parapophyses  after  tiiey  arc 
bent  down,  as  in  the  Amia  and  Tunny,  to  form  tlie  hsemal  canal 
and  spine  in  the  tail.  The  costal  appendages  of  the  first  vertebra  of 
the  trunk  are  usually  larger  than  the  rest,  and  detached  firom  the 
centrum ;  at  least  if  we  regard  ns  such  the  styliform  bones  which 
project  from  the  inner  side  of  the  sc^mlsB,  snd  which  have  been 
described  as  coraooids  (Cuvier),  and  sometimes  as  displaced  iliac 
bofnes  (Cams) :  by  the  muscles  attached  to  these  styliform  bones 
the  succeeding  ribs  are  drawn  forward  and  the  abdomen  expanded 
tn  the  Cyprinoids.  Plenrapophyses  are  entirely  absent  in  the 
Sun-fish,  Globe-fish  (Diodon),  the  Tetrodon,  the  Pipe-fish  {Pistu- 
laria  and  Syngnatlius)^  the  Lump-fish  and  the  Angler.  Of  all 
osseous,  or  rather  scmi-osscous,  fij^hes,  Lophius  presents  the  simplest 
vertebral  column  :  the  abdominal  vertebra;  are  not  only  devoid  of 
ribs,  but  have  the  t'eeblest  rudiment*  of  parapophyses.  The  bodies 
of  the  vertebnc  interlock  at  their  lower  and  lateral  parts  by  a  short 
angular  process  fitting  into  a  notch  in  the  next  vertebra ;  the  lower 
border  of  this  notch  represents  the  lower  transverse  process  in 
other  fishes :  it  is  obsolete  in  the  anterior  abdominal  vertehrse ; 
begins  to  appear  about  the  middle  ones ;  shows  its  true  character 
in  the  tentli;  and  elongates,  bending  downward,  backward,  and 
inward,  to  coalesce  with  its  fellow,  and  form  the  Immal  arch  at 
the  twelfth  or  thirteenth  vertebra,  firom  which  the  b»mal  spine  is 
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deyeloped  The  interloddiig  process  of  the  anterior  rertebra  dis* 
appears  as  the  tme  inferior  transverse  process  b  increased.  The 
side  of  the  neural  arch  is  perforated  for  the  netye,  and  that  of  the 
h»mal  arch  for  the  blood-vesseL  The  anterior  abdominal  Tertebrss 

of  the  Tetrodon  are 
fi rally  clamped  to- 
gether by  the  para- 
pophyses. 


A  vcjjctatlve  same- 
ness of  form  prevails 
in  fishes  throughout 
the  vertebral  column 
of  the  trunk,  fig.  34, 
which  is  made  up  of 
only  twokinds  of  ver- 
tebns,  characterised 
hy  the  direction  of 
the  parapophyses,  p : 
these  in  the  abdomi- 
nal re^on  arc  lateral, 
usually  stand  out  and 
pupport  ribs :  but  in 
the  caudal  ro<:rion 
bend  down  to  form, 
cither  by  direct  co- 
alescence or  by  the 
ribs  diat  continue  to 
be  attached  to  them 
in  a  vertical  position^ 
the  hismal  aich. 

The  adas  is  usu- 
ally distinguished  by 
some  modification  of 
the  anterior  articular 
end  of  the  centrum, 
by  the  per3i^^teut 
tiuturc  of  the  neural 
arch,  or  bv  the  ab- 
sence or  detachment 
of  its  plcurapophy- 
ses.  Peculiar  pro- 
cesses are  sometimes 
sent  off  from  the 
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uwler  part  of  the  centrum,  as,  e.  jr.  the  two  ^vliich  articulate  with 
the  basit^ccipital  iu  the  Arapuima  (jiuns.  As  the  rontriim  of  the 
atlas  retains  its  normal  relations  to  the  other  clement-,  and  the 
ordinary  mode  of  articulation  with  the  body  of  the  second  verte- 
bra, this  shows  no  '  odontoid  proceaa-  in  fishes. 

The  number  of  yertebrse  varies  greatly  in  the  different  osseous 
fishes :  the  Plectognathi  (Diodon,  Tetrodan)  have  the  fewest  and 
lugest:  the  apodal  fishes  (£ela>  Gymnotes)  haye  the 
most  and  smallest,  m  proportion  to  their  size.  It  is  not 
easy  to  determine  the  precise  number,  on  aoooont  of  the 
Goaleeoence  of  some  of  the  vertebne,  or  at  least  of  their 
central  elements,  in  particnlar  parts  of  the  oolmnn.  In- 
stances of  anchylosis  of  some  of  the  anterior  vertebra?,  1  ^ 
analogous  to  that  noticed  in  the  cartilagiiiMiis  Sturgeons,  / 
Chimrcra?,  Khinobates,  and  some  Sharks,  occur  also  |  /j 
amongst  the  osseous  fishes,  as  in  many  Silui'oid  and  C'y- 
prinoid  species,  \n  Loriraria  aiid  Dart ijlopterus.  Fig^.  35 
represents  the  four  singularly  elongated  anchylosed  ante- 
rior rertebrsB  in  the  Tobacco-pipe  fish  {FUtuiaria  tabae^ 
earia),  A  coalesoenoe  of  several  vertebr»  is  more  con- 
stant at  the  opposite  end  of  the  colimin  in  osseous  fishes, 
in  order  to  form  the  base  of  the  caudal  fin,  when  this  is 
symmetrical  in  form,  as  in  fig.  33,  and  in  most  existing 
species  of  TeleoiiamL  Bnt  this  modification  is  arrested 
at  different  stages  in  the  piscine  class.  In  Cyelost&mi 
the  jETTistly  parts  of  the  vertebns  oontinne  distinct,  with 
^culual  reduction  in  size  to  the  taper  end  of  the  long  tail :  AndiyioMd 
m  I'rotoptf^ri  the  bony  representatives  ot  the  caudal  ver-  tebrw,  pipe- 
tebrae  behave  in  the  same  ^\  ^^  :  the  notochord  persists  in  {PutuLna) 
both  orders.  In  MurcEuidcCf  where  it  is  changed  into  cen- 
trums, these  also  gradually  diniini-li  iu  size,  and  remain  distinct 
to  the  tail-end.  The  continuous  vertical  fold  of  skin  bordering 
the  oompreased,  long,  and  slender  termination  of  the  vertebral 
oolomn  is  not  specialised  as  a  caudal  fin.*  In  Phgiosfomi,  Holo* 
eephaUf  Shtrumidm,  and  many  Ganaidei^  the  caudal  fin,  fig. 
29,  is  formed  chieflj  hj  the  hnmal  spines  and  appendages, 
developed  to  support  a  lower  'lobe;*  the  vertebras  continue 
distinct  to  the  end  of  the  tail,  which  bending  upward,  seems  to 
form  an  upper  lobe  longer  than  the  lower:  to  this  unsymme- 
trical  tail-fin  the  term  *  het^rocercal '  is  applied.    By  decreased 

•  This  primitlTe  embryonal  basis  of  the  piscine  tnil-fln  is  nn(  to  be  confounded, 
berau!-e  it  is  symnK^trical  as  lo  shape,  with  the  oxtromf  stap;o  of  devoloponieiltal  modi* 
fication  oonstitutiog  the  true  '  homucercikl '  tjpc  of  most  existiog  fiabee. 
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number,  with  progresrive  confluence,  of  the  caudal  yertebiw,  tlie 

*  upper  lobe*  becomes  gradually  reduced  in  length,  until  the 
symmetrical  shape  is  attained.  But  tliis  coexists  in  the  Salmon, 
Perch,  and  many  extinct  Graiiuids  with  an  uusynunetrical  bend 
of  the  coalesced  caudal  vertebra?  into  the  base  of  tlie  upper  lobe. 
In  true  '  homocercnl?? '  flu-  ti  rmiriiil  Ixdli  s  of  the  caudal  rertebrfc 
are  not  separately  established  in  the  primitive  notochord,  but  are 
continuously  ossified  to  form  a  common,  compressed,  vertically 
extended*  and  often  bifurcated  bony  platc^  fig.  33,  n^k\  firom 
which  the  neural  and  hsBinal  arches  and  their  spines 
radiate :  from  these  elements  alone  can  the  number  of 
vertebna  of  such  caudal  fin  be  estimated;  normal  de- 
velopement  proceeding  here  in  the  peripheral  alementa, 
as  tluoughout  the  vertebral  column  in  Lepidosiren*  whilst 
it  is  arrested  in  the  central  parts  of  the  yertebim  In 
the  Sun-fish  (  Orthagoriscm  mold)  it  would  seem  as  if  a 
row  of  rudimental  vertebra?  had  been  blended  together 
at  right  angles  to  the  rest  of  the  column,  m  order  to 
supjx)rt  the  rays  of  the  short,  but  very  deep  caiulal 
fin,  which  truiunatcs  the  Buddenly  truncated  body  of 
this  oddly  sliapcd  fish. 

It  is  rare  to  find  anchylosis  save  at  the  ends  of  the 
vertebral  series  in  fishes:  sometimes,  however,  in  the 
FUwronectid(By  a  kind  of  sacrum  is  formed  by  such  bony 
union  of  the  bodies,  r,  and  haemal  spines,  hs^  of  the 
^  first  two  of  the  caudal  series*  as  in  36 ; '  in  which 
the  broad  and  deep  hiemal  spines  are  concave  forwards, 
and  form  a  sort  of  pelvic  posterior  wall  of  the  abdomen. 
In  the  Halibut  {Hippoghssui)  the  parapophyses  of  the 
corresponding  vertebrae  with  those  of  the  last  abdominal 
are  similarly  united,  though  ilie  bodies  remain  distinct. 
In  Loricaria  both  the  upper  and  lower  arches  of  a  con- 
8ideral)le  part  of  the  caudal  region  are  blended  togetlier 
into  an  intlexiblc  sacrum ;  but,  as  a  fjencml  nde,  there 
exists  no  such  impediment  to  the  lateral  infiections  of 
the  tail  in  the  present  class. 

The  number  of  trunk-vertebrae  is  a  useful  specific 
character  iu  Ichthyology ;  and  in  counting  them  the 
coalesced  caudals  are  usually  reckoned  as  *  one.*  In  the 
SuTi-fish  {Orthofforiscus)  I  find  but  8  abdominal  and  8 
'^'VTil/t^*  caudal  vertebras  by  distinct  bodies.    In  a  Globe-fish 
(«w«a)  ^  Tetrodtm)  there  are  7  abdominal  and  10  caudal  vertebne : 
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total.  17.'  In  the  Conger  there  are  162  vertebrae;  in  the 
Ophiilium^  204 ;  in  the  Gf/muotus^  236 ;  ftud,  eYen  this  number 
18  surpassed  in  some  I'lagioatomeg. 

Altbougli  the  vertebne  maintain  a  considerable  ^mftnfWft  of 
form  in  the  eaine  fish>  they  vaiy  much  in  different  species.  The 
bodies  are  commonly  snbcyHndrieal;  as  deep,  bnt  not  so  broad» 
aa  they  are  long;  more  or  ieaa  constricted  in  the  middle,  in  some 
to  anch  a  d^pree  as  to  present  an  hour-glaas  figure.  Li  S^ina^ 
tkarkmui  ihef  are  extremely  short;  in  FUiuIaria  .extranely 
long ;  in  Tetrodan  *  they  axe  mnch  compressed ;  in  Matycephahis 
they  are  more  depressed ;  in  the  tail  of  the  Tnnny  the  entire  tcp- 
tebrm  is  cubical,'  with  the  ends  hollowed  as  ttsttal,  but  the  ibttr 
other  sides  flat,  the  upper  and  lower  ones  beinf^  formed,  in  the 
connected  series,  by  the  neural  and  liiumal  arches  of  the  vertohra 
in  advance,  flattened  down  and,  as  it  were,  pressed  ink*  eaviiieH 
on  the  \ipper  and  under  surfaces,  of  the  centrum  of  the  next 
vertebra;  so  that  tlie  eeries  is  naturally  locke<]  together  in  the 
dried  skeleton;  and  these  arches  cover  not  the  neural  and  haemal 
canals  of  their  own,  but  of  the  succeeding,  centrum. 

The  principle  of  vegetatiYe  repetition  is  numifested,  in  osseous 
fishes,  by  the  numerous  centres  of  ossification, 
from  which  shoot  out  bony  rays  affording  ad- 
ditional strength  to  many  of  the  intermuscular 
aponeuroses.  In  this  system  of  bones  may 
be  ranked  those  s|nnes  which  are  attached  to, 
or  near  to,  the  heads  of  the  ribs,  and  extend 
upward,  outward,  and  backward,  between  the 
dorsal  and  lateral  masses  of  muscles,  fig.  32,  i  p, 
fig.  2  1,  a.  These  *  scleral  *  spines  arc 
termed,  according  to  the  vertebral  element 
they  may  adhere  to,  *  epinenrals,'  *  epicen- 
trals,'  and  *  cpipleurals  * ;  though  each  may 
shift  its  place,  rising  or  falling  gradually  along 
the  series  of  vertebrse.  All  three  kinds  are 
present  in  the  herriug,  fig.  37,  in  which  n  a 
is  the  *  epineural,*  />  a  the  *  epicentral,'  pi  a  the  cpipleural  spines. 
The  latter  haye  been  called  *  upper  ribs,'  and  in  Pobjpteruf  are 
stronger  than  the  under')  ribs  themselves.  In  Esax  and 
TkymaUuM  the  epineursl  and  epicentral  spines  are  jiresent:  in 
Ctfprinus  the  epineural  and  cpipleural  ones :  in  Perea  and  Gadus 
the  middle  series  only  is  found,  passin 
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par-  to  the  pleur-apophyses :  in  Salmo  only  the  upper  series 
exitits,  dcvel(>])C<l  I'rom  the  second  to  the  ante})enultimate  abdo- 
minal neurap(>i)hysis,  in  tV.  Eriox.^  There  are,  however,  gristly 
representatives  of  cpli)leural9.  In  Gh/pJiysodon  the  epipleurals 
arc  anchyloscd  to  the  ribs,  forc^howinj;  their  normal  condition 
in  the  bird's  thorax.  Accordinii:  to  the  seat  of  their  develope- 
ment  they  belong  to  tlie  '  scleroskeleton : '  by  their  attachmenta 
to  bone  they  are  *  vertebral  appendages.' 

The  vertical  folds  of  skin  from  the  middle  line,  constituting 
the  azygos  fins,  are  the  seat  of  ossifications  in  most  fishes,  develop- 
ing a  second  row  of  spines^  figs.  34«  38,  dn^  dn,  aboye  the  neural, 
n,  and  a  corresponding  row,  dh,  dh,  below  the  hmnal,  h,  spines* 
Some  of  these  dermal  bones,  in  certain  fishes,  project  as  hard 
enamelled  weapons  from  the  surface  of  the  body.  From  the 
bases  of  the  dermal  spines,  other  spines  (fig  34,  in,  ih)  usually 
shoot  downward  into  the  intervals  of  the  neural  and  haemal  spines. 
In  deep-bodied  fishes  they  are  broad  and  strong,  as  e.  g.  in  the 
CiK'k-fish,  fig.  38  ;  in  the  fiat-fishes  they  are  double,  figs.  39  and 
40:  and  these  modifications  are  nsnally  repeated  above  and 
below.  Both  interneural  and  interlucmal  spines  are  commonly- 
shaped  like  daggers,  plunged  in  the  iiesh  to  the  hilt,  which  is  re* 
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presented  by  the  part  to  which  the  fin-ray  (dermoneural  or 

dermoha'inal  spine)  is  attached.  In  the  ]>laicc  tribe  (Pleuro- 
ncrfifla')  these  superadded  dermal  ossifications  are  developed 
above  the  cranial  as  well  as  the  corporal  vertebrae  (fig.  39,  dn), 
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and  along  the  whole  haimal  region  of  the  trunk,  from  the  head  to 
the  tail.  This  want  of  correspondence  with  the  number  of  the 
true  segments  of  the  endoskeleton,  and  the  seat  of  developenient 
of  the  inter-  and  dermo-neurals  and  inter-  and  dermo-hasmals,  with 
some  minor  couiiiderations,  led  me,  in  1845,  to  substitute  for  the 
-views  and  illustration  of  the  typical  vertebra;  proi)osed  by  Geoffroy 
St.-Hilaire,  ^  and  then  accepted  and  taught  by  ProfeMor  B.  E. 
Grant*  in  this  country  and  by  others  abroad,  the  interpretation  of 
the  supposed  type-exemplar,  which  is  contrasted  with  Geoffiroj's  in 
£g.  40.  The  names  applied  by  the  French  philosophical  anatomist 
to  the  several  parts  of  the  combined  endo-  and  exo-dceletal  segment 
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are  opposite  the  left  hand  of  the  reader :  those  applied  to  them 
in  my  *  Archetype  of  the  Skeleton '  arc  o])posite  the  right  hand. 

The  small  exogenous  process  standing  out  from  the  sides 
of  the  centrum  is  a  dismemberment  of  the  parapophysis ;  in 
the  first  caudal  vertebra  it  is  given  off  from  the  base  of  the 
parapophysis,  increases  in  length  in  the  second  caudal,  rises  upon 
the  side  of  the  centrum  in  the  third,  and  becomes  distinct  ieom 
the  parapophysis  in  the  fourth :  it  diminishes  and  disappears  in 
the  ninth  and  tenth  caudal  vertebne.  In  Pofypterus  and  Mune- 
noids  a  transverse  process  coexists,  from  the  same  cause,  with  the 
parapophysis.  This,  in  the  twenty-fifth  trunk-vertebra  of 
Murcsna  Helena,^  bifurcates,  and  in  the  following  vertebne  the 

*  Mrmoirt  s  (hi  Mua.  4to,  ix.  1822,  ^.  119,  pi.  v. 
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fissure  tleopens  and  the  fork  elongates,  until  at  the  seventy-third 
the  lower  pron*:^  descends  at  a  right  angle  to  the  upper  one,  and, 
meeting  its  fellow,  fV>rms  the  htumal  arch.  There  art'  no  true 
hfcmapophyses  in  the  tail  of  fishes  :  the  elements  there 
composing  the  htemal  arch  are  para}x)physes,  pleura- 
pophyseSy  or  both  combined.  In  the  abdomen  only  are 
hiemapophyses  represented  by  the  supporting  bones  of 
the  ventral  fig.  41,  64.  The  slender  cycles 
along  its  under  part  in  the  Herring,  fig.  37,  dh^  are 
dermal  bones,  which,  like  the  scutes  of  serpents^  are 
connected  with  the  lower  ends  of  the  ribs,  pL 

In  the  subclass  Protopteri  the  notochord,  fig.  41, 
chy  persists:  the  neoial  arches,  7^,  9m,  are  ossified: 
the  haemal  arches  in  the  abdomen  are  represented 
by  parial  bones,  7^  attached  to  the  notochordal  sheath, 
and  curving  ont\N  aid,  like  the  long  parapopliyses  in 
the  Cod,  and  the  sliort  pleurapophyses  in  the  Aniia 
and  Salamander,  with  which  they,  more  probably, 
are  honiolofrous.  These  rilhet^j  bend  down  aTul 
meet  at  the  beginning  of  the  tail,  />,  to  form  the 
haemal  arch  and  support  the  haemal  spines,  h$y  along 
that  region.  As  in  fishes,  the  Lepidosiren  also  de- 
Yelopes  in  the  continuous  vertical  fin-fold  the  acces* 
floiy  ossicles  marked  m,  tA,  in  the  cat. 

§  18.  VertebnU  column  of  BatraehMu — Keitiier 
inter-  nor  dermo-neurab  are  present  in  any  gano- 
cephabn  or  batrachian.  In  the  former  amphibious 
order  the  notochord  persists,  but  witii  beginnings  of 
the  ossification  of  centrums : '  in  Batrachia  it  is  con- 
verted into  a  series  of  separate  centnuns.  These  in 
the  lehthyomorphs  are  biconical,  and  dee})ly  cupped 
at  both  ends,  through  the  same  arrest  of*  ossification 
as  in  fi>!ir^:  the  develoi)ement  ol*  the  vertebra  goes 
tlirtuiMh  the  same  i)iscine  staji^e  in  the  larvie  of  the 
Theriomorphs,  as  indieated  by  tlie  dotted  lines  dy  fig, 
42 ;  in  the  mature  quadrupedal  stage  of  these  Ba- 
trachia, ossification  converts  one  terminal  cup  into  a 
ball ;  which  may  be  the  £ront  one,  as  in  Fipa,  or  tlie 
hind  one,  as  in  Hana,  and  most  frogs  and  toads.  In 
the  Land-Salamander,  also,  ossification  goes  to  this 
stage,  with  the  ball  in  front. 
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The  Siren  lacertinahas  between  eighty  and  ninety  tnink-vcrtehne. 
They  have  many  longitudinal  ridges,  the  neural  arch  has  coalesced 
with  the  centrum,  the  neural  spine  forms  the  highest  ridge  and 
bifurcates  poateriorlj  to  terminate  upon  the  zygapophysia.  A 


41 


hypapophysial  ridge  forms,  by  defect  of  ossification  on  each  side^ 
the  under  part  of  the  centrum.  A  parapophysial  ridge  extends 
from  a  short  antenor  parapophysb  to  liie  longer  parapophysial 
part  of  the  posterior  transverse  j)rocesd.  A  diapophysial  ridge 
extends  aboye,  and  nearly  parallel  with  the  former,  from  the 
anterior  zygapophysis  to  the  diapophysial  part  of  the  posterior 
tranayerse  process.  Thence  a  third  short  ridge  is  continued  to  the 
posterior  zygapophysis.  The  yacuities  between  these  several  ridges 
resemble  those  in  the  yertebrae  of  some  fishes.  The  body  of  the 
atlas  extends  forward  like  a  short  odontoid  process :  shcnrt  par^ 
and  di-apophysial  plates  are  developed  from  each  side  of  the  athus, 
which  has  also  the  jiosterior  zygapophyses.  In  the  second  verte})ra 
the  par-  and  di-apophysial  plates  have  united  to  form  a  compound 
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transverse  process,  which  supports  a  short  straight  pleurapophysis. 
These  elements  are  similarly  developed  firom  six  or  seven  succes- 
sive vertebm.  In  the  tml  the  vertebra  is  compressed  and  vertically 
extended  by  the  bending  down  of  the  parapophysial  plates  to  form 
two  vertical  walls,  intercepting  a  hnmal  canal  In  the  Patens, 
which  has  aboot  sixty  tmnk-vertebne,  the  third  to  the  ninth  in- 
clusive support  short  ribs,  attached  to  the  lower  (parapophysial) 
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half  of  the  transverse  process :  they  arc  wanting 
in  the  tweuty-one  following  vertebra;,  and  re- 
appear, well  developed,  in  the  thirty-first,  where 
they  form  with  cartila^finous  ha!ma])ophy?es,  a 
pelvic  arch.     In  the  Menopome,  fig.  43,  the 
second  to  the  mneteenth  vertebrae  support  short 
straight  plenrapophyses,  articulated  to  the  eii<ls 
of  traDBveree  processes  formed  by  par-  and  di- 
apopfayses,  which  intercept  by  their  terminal 
confluience  an  arterial  canaL    Those  processes^ 
if  are  enlarged  in  the  twentieth  vertebra,    and  a 
second  rib-like  piece,  62,  the  homotype  of  the 
second  part  of  the  scapula  in  fishes,  is  articulated 
to  the  short  and  tliick  rudijiicutul  rib,  pi;  the 
inferior  or  hajmul  arcli  gm,  (U,  being  cartilaginous. 
The  segment  thus  completed  by  the  ha;mai  arch, 
represents  a  so-called  *  sacral  *    vertebra :  the 
second  di\ision  of  its  rib  answers  to  the  '  ilium>' 
6S,  and  the  hsemal  cartilage  to  the  '  ischium,'  or 
'pubis.'    Transverse  processes  progressively 
decreasing  in  length  are  developed  firom  the  six 
succeeding  vertebne.   Bony  pleurapophyses  pi, 
are  attached  to  the  first  of  diese,  and  cartUa- 
gtnous  rudiments  of  the  same  element  to  the 
three  following.    Hasmal  arches  are  anchylosed 
to  the  under  part  of  the  centrum  of  the  second 
to  the  twelfth  C4iudal  vertebra  inclusive,  and 
these  become  more  compressed  to  the  end  oi  tlie 
tail,  for  the  support  of  a  vertical  fin.   The  neural 
arches  are  broad,  dcj)rcss(Ml,  anchylosed  to  the 
centrum:  they  are  complete  to  tlie  fourteenth 
caudal  vertebra.    The  body  of  the  atlas  pre- 
sents an  odontoid  process  between  the  two  arti- 
cular surfaces  for  the  occipital  condyles;  it  is 
dee])ly  cupped  behind,  as  are  the  succeeding 
vertebne  at  both  ends.  This  vertebra  has  neither 
di-  nor  pleur-apophyses. 

The  skeleton  of  the  Newt  (  TVtiton)  resembles 
that  of  the  >Ieno]K)mc  in  its  general  characters;  the 
neural  and  hjemal  spines  are  more  produced  in  the 
long  tail,  suppoi  ling  there  the  chief  swimming 
oriran  of  ihU  annntic  batrachian.  In  nnc  kind 
the  ribs  are  more  developed^  occasiomiig  the  sub- 
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genu  cdled  Fleurodeles,  In  the  land  Salamander  the  backbone 
18  stra^thened  by  the  ball-and-socket  articulation  of  the  trunk- 
Tertebrse.  Cuvier  notices  a  curious  inconstancy  in  the  place  of 
artachmeiit  of  tbc  pelvic  aroh^  sometimes  to  the  fifteenth^  some- 

riuie:-  to  the  sixteenth, 
and  in  one  iui^tauce  sus- 
{>eiided  by  the  right  jner 
to  the  sixteenth,  by  the 
left  to  the  seventeenth, 
yertebra,  in  Saiamanr 

dra  atraJ 

The  ophiomorphous 

hatrachia  are  remark- 

mble  ibr  the  multiplicity, 

the  tfaeiiomorphons  for 

the  pan<nty«  of  dbtinct 

▼eitebr«e  in  the  trunk ; 

diese  latter  have  the 

ball-an«l-socket  articula- 

tiou.    The  fxug,  fig.  44, 

A,  has    nine  vertebno 

and  the  coccygeal  style 
r  ;  but  by  coalescence  of 
thiB  with  the  s^acrum, 
and  of  the  atlas  with  the 
second  vertebra,  in  the 
Snnnam  toad  (/Vjpa),  the 
number  of  distinct  trunk- 
aegmentB  is  in  that 
fipeciea  reduced  to  seven. 

In  H^ma  boatu  the 
atlas  bas  no  diapophy- 

sca  ;  but  they  are  present 

and  of  great  length  in 

the  f?Ticceeding  vertebras 


8kd0toiioltrocr>A;  ▼vrtebro  a  aod  carpus  c  of  toad. 


to  the  sacrum  inclusive,  where  they  are  thick  and  support  by 
their  truncate  ends  two  long  rib-like  bones,  ib.  A,  62,  which 
expand  at  their  distal  end?,  and  unite  there  to  two  partially 
anchjloscd  bony  plates,  64,  which  complete  the  hrcmal  arch  of  the 
nmtb  s^ment  of  the  trunk.  The  superior  devclopement  of  this 
inpli  relates  to  the  great  size  and  strength  of  its  appenda^jes-— 


t  CLL  tOm.  T.  pt  It  413. 


Digrtized  by  Google 


BO 


ANATOmr  OF  VXBTBBBATES 


the  lunder  extremities — in  the  tailleBs  order,  ecpeciaily  the  frogpi 
In  the  seven  yertebrsD  between  the  athw  ai^  sacrum,  two  zyga- 
pophyses  looking  upward  are  developed  from  the  fore  part,  and 
two  looking  downward  from  the  back  part  of  the  neural  arch ; 
there  is  also  a  short  spine. 

In  the  Toad  (Bufo  vulgaris)  the  number  of  tmnk-Tertebrae,  fig. 
44.  B,  is  the  same  iis  in  the  FrojTg,  but  the  diaiiophysea  of  the  thirtl 
and  fourth  vertebra)  are  relatively  longer,  those  of  the  sacial 
vertebra,  s,  relatively  shorter,  broader,  and  cxjmnded  so  as  to  over- 
lap the  ilia,  which  are  shorter  and  more  arched.  In  Ct/stiffiiafhits 
jjac/ij/pus  the  sacral  diajjophyses  are  subcyliiulrical.  In  I^ijja  the 
dlapopliyses  of  the  second  and  third  vcrtebne  are  of  imn-ual 
lc)i<j;th,  and  support  senii-ossified,  short,  flattened  pleixrapopljyses. 
The  diapophyscs  of  the  four  succeeding  vertebrae  are  short  and 
slender ;  those  of  the  sacrum  are  more  expanded  than  in  the  toad, 
and  rest  upon  the  anterior  halves  of  the  iliac  bones.  The  coccy- 
geal style  shows,  in  most  anourans,  a  simple  anohylosed  neund 
cnna],  and  also  a  haemal  canal,  as  at  A,  D,  fig.  44. 

In  the  Ophiomorphs  (CmciluB)  the  vertebrs,  besides  being  very 
numerous,  are  biconcave. 

§  19.  VerUhrdl  column  of  IehihyopUryffia,^Xa  an  extinct 
order  {Ichthfj<>ptrri/gia)  of  Dipnoal  Beptiles,  modified  for  marine 
life,  but  breathing  air,  the  trunk-vertebns  were  very  numerous, 
very  short,  and  biconcave ;  the  centrums  remained  distinct  from 
the  neiual  and  hmnal  arches,  and  were  ligamentously,  not  sutur- 
ally,  united  thereto.  In  the  Ichthyosaurus  cominuius,  fig.  105, 
there  are  about  140  vertebrae;  in  the  anterior  sixteen  a  short 
]):u.ipuphysis  is  developed  from  the  side  of  the  centrum,  and 
a  diapophysis  from  the  base  of  the  neural  arch  ;  but  tliis  soon 
begins  to  project  from  the  neurapopliysial  l)order  of  the  ccTitrum, 
and  then  from  the  side  of  the  centrum  below  that  border.  It 
continues  "gradually  to  sink  in  position  until,  at  about  the  fortietb 
vertebra,  it  blends  with  the  parajiophysis,  which  alone  continues 
to  represent  a  transverse  process,  as  far  as  at  about  the  eightieth 
vertebra,'  where  it  disappears  and  the  succeeding  centrums  become 
compressed,  indicating  the  vertical  position  of  the  dermal  tail-fin 
which  tliry  supported.  The  atlas  and  axis  centrums  beoome 
anchylosed  by  flat  surfiioes;  but  each  supports  its  own  neural 
arch.  Between  the  lower  part  of  the  atlas  and  the  occipital 
condyle  is  a  wedge-shaped  hypapophysis,  representing  the  part 
called  *body  of  ^e  atlas*  in  antlvopotomy :  a  similar  bone  is 

'  A  diilocatioii  or  frftctnre  commonly  occarrcd  at  this  port  between  the  death  and 
final  imbedding  of  the  dfloomposing  aninul  {  cuo. 
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wedged  between  the  atlas  and  axis,  a  third  between  this  and  the 
third  vertebra ;  tending  to  strengthen  stiffen  the  part  of 
the  vertebral  cohiiiHi  sustaining  the  skull,  ami  uddiii^:;  to  its  power 
of  displacing  the  water  in  the  agile  muveuients  of  this  ancient 
predatory  aquatic  animal.^  Ais  in  Fishes,  also,  the  continnity  of 
the  broa<I  occiput  with  the  trunk  was  nnintcmipted  by  any  cervical 
constriction.  The  ribs  commence  at  tlie  second  vertebra,  but  by 
a  bifurcate  head ;  and  so  continue,  articulating  with  both  par-  and 
di-apophyses  until  the  confluence  of  those  fnocesseSy  when  they 
become  single-headed.  The  ribs  rapidly  increase  in  length,  which 
is  greatest  at  the  middle  of  the  thoracic-abdominal  cavity^  and 
iben  gradually  diminish  to  short  and  straight  appendages,  resem-* 
bHng  detached  transyerse  processes,  in  the  taiL  The  longer  ribs 
are  grooved  longitudinally ;  theur  lower  ends  are  united  to  b«ni- 
apo])hy8e8y  subdivided  into  two  or  three  overlapping  slender 
portions,  the  lowest  articulating  with  a  median  transverse  style, 
pointed  at  each  end,  representing  the  hssmal  spine,  and  completing 
the  haemal  «^h  in  the  abdomen.  In  the  tail  the  hssmapophyses 
are  simple,  and  attached  by  ligament,  above  to  the  centrum,  and 
below  to  one  another. 

§  20.    Vertfl/ral  column    of  Saurojttenjfiia, — In   this  extinct 
order  of  aquatic  Reptiles  the  vertebral  bodies  had  theii'  terminal 
articular  surfaces  either  flat  or  slightly  concave,  or  with  the 
mi<i(ilo  of  such  cavity  a  little  convex.    In  certain  gciiora  the 
neck- vertebrae  were  uncommonly  nmnerous ;  tlii-s  was  reuiarkablv 
so  in  the  JPieswsauruM,  £g.  45,  in  which  those  vcrtebne  consist  of 
centrum,  neural  arch,  and  pleurapophyses.  The  latter  are  wanting 
in  the  first  vertebra;  but  both  this  and  the  second  have  the 
bypapophyses.    The  cervical  ribs  are  short,  and  expand  at  tlieir 
finee  end.  They  articulate  by  a  simple  head  to  a  shallow  pit,  which 
is  rarely  supported  on  a  process,  on  the  side  of  the  centmnL 
The  body  of  the  atias  articulates  with  a  large  bypapopbysis 
below,  with  the  neuiapophysis  above,  with  tiie  body  i£  the  axis 
behind,  and  with  part  of  tiie  occipital  condyle  in  front;  and  all 
the  articulations,  save  the  last,  may  become  obliterated  by 
anchylosis.    The  bypapopbysis  forms  the  lower  two-thirds,  tike 
neurupophysis  contribntes  the  upper  and  lateral  parts,  and  the 
centrum  forms  the  middle  or  bottom  ul"  the  cuj)  for  the  occipital 
couflyle.    The  secon(i  hypapiiphysis  becomes  [confluent  with  the 
inferior  intersj)ace  between  the  bodies  of  the  atlas  and  axis.^  As 
the  cervical  vertebr®  approach  the  dorsal,  the  costal  pit  gradually 

*  CLXV*  *  CUETI* 
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irises  from  the  centrum  to  the 
neurapophy&is.  This  takes 
place  at  the  fortieth  vertubra 
in  the  Plesiosannts  homalo^ 
spondi/lus  of  the  Wliitby  Lias, 
but,  in  the  PL  dolichodeirus, 
fig,  45,  of  the  Dorsetshire 
Lias^  at  about  the  thirtieth,  c. 
The  dorsal  region  ia  arbitrarily 
commenced  by  the  Tertebra  in 
which  the  costal  sur&ce  begins 
to  be  supported  on  a  diapo- 
physis;  this  progressively  in- 
creases in  length  in  the  second 
and  third  dorsal,  continues  as 
a  transverse  process  to  near 
the  end  of  the  trunk,  iiiul  on 
the  vortebra,  s,  between  the 
iliac  buiics,  62,  it  subsides  to  the 
level  of  the  neumpophysis.  In 
the  caudal  vertebne  the  costal 
surface  gradually  descends  from 
the  neurapophysis  upon  the 
side  of  the  centrum;  it  is 
ncTer  diyided  by  the  longitu- 
dinal grooTe  which,  in  moat 
JPlesiasaurif  indents  that  sur- 
&ce  in  the  cervical  Tertebrn. 
The  neural  arches  are  com- 
monly unanchylosed  with  the 
centrum.  The  long  and  large 
spinous  processes,  in  contact 
along  the  trunk  and  base  of  the 
neck,  inn?t  have  restricted  the 
hendiiifr  movements  chiefly  to 
the  lateral  directions.  The 
pleurapophyscs  gain  in  length, 
and  lose  in  terminal  breadth^ 
in  the  hinder  cervicals;  and 
become  long  and  slender  ribs 
in  the  dorsal  region,  curving 
outward  and  downward  so  as 
to  encompass  the  upper  two- 
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tliirds  of  tlie  thoracic-abdominal  cavity.    They  decrease  in  lenorth 
and  curvature  as  they  ai)}jroach  the  tail,  where  they  are  reduced 
to  short  straight  pieces,  as  in  the  neck,  but  are  not  terminally 
expanded  ;  they  cease  to  be  developed  ncfir  tlie  end  of  tlie  tail. 
The  hirma|)M|iliyM>   In  tlio   nhdominal  region,  are  subdivided, 
and  with  the  ha?mai  spine  or  median  piece,  form  a  kind  of 
'plastron'  of  tranflversely  extended,  slightly  bent,  median  and 
lateral,  everlapping  bony  bars,  occupying  the  subabdominal  space 
between  the  scapuhr,  fts,  and  pelvic,  64,  arches.    In  the  tail  the 
htemapophyses  are  short  and  straight,  and  remain,  as  in  the 
lehthyoeanms^  nnunited  both  above  and  below.    One  Sanro- 
plerygian  genns,  TanystropheuSf  had  the  centrum,  in  certain 
▼eriebne,  so  long  and  hollow  as  to  simnlate  a  limb-bone.  In 
another  genus,  (Ffioiaurus)  they  were  as  shorty  in  the  cervical 
region,  as  in  the  lehthyosaums.    In  a  third  genus  {Nothosavrus) 
two  vertebnc  are  recognised  as  sacral  by  their  thick,  straight,  and 
convergent  pleurapophyses,  of  whicli  the  iirst  overlaps  the  second. 
In  a  fourth  genus  tlie  wedge-shaped  hypapophyses  occur  at  the 
]r»wer  interspaces  of  the  dorsal  and  lumbar  vertebrse,  whence  its 
name,  Sphenosanrtis. 

§  21.  Vertebral  column  of  Ophidia, — Amongst  existing  Reptiles, 
the  Serpents  (^Ophidia)  surpass  all  others  in  the  vast  number  of 
their  vertebne,  which,  with  incomplete  hsemal  arches,  compose  the 
akeleton  of  the  long,  slender,  limbless  trunk,  fig*  46. 

In  all  these  yertebne  the  autogenous  elements,  except  the 
pleurapophyses,  fig.  40,  coalesce  with  one  another,  and  the 
pleurapophyses  become  anchylosed  to  the  diapi  >j  hyses  in  the  tuL 
There  is  no  trace  of  suture  between  the  neiural  arch,  fig.  47, 
ns,  z,  and  centrum,  c.  The  outer  substance  of  the  yertebra  is 
compact,  with  a  smooth  or  polished  surface.  The  vertebra;  are 
*  pr<  )0(  clian ; '  that  is,  they  are  articulated  together  by  ball-and- 
iHXjket  joints,  the  socket  being  on  the  fore  part  of  the  centrum,  fig. 
47  A,  where  it  forms  a  dee|)  cup  with  its  rini  sharply  defined  ; 
the  cavitv  lookinir  not  directly  forward,  but  a  little  downward, 
from  the  gi-eater  prominence  of  the  upper  border :  the  well-turned 
prominent  ball  terminates  the  back  part  of  the  centrum  rather 
more  obliquely,  its  aspect  being  backward  and  upward,  fig.  47^ 
The  hypapophysis,  A,  is  developed  in  difierent  proportions 
from  difierent  yertebr»,  but  throughout  the  greater  part  of  the 
trunk  presents  a  considerable  nze  in  the  cobra,  46,  Ay,  and 
crotalus,  figs.  47,  47  A,  A :  it  is  shorter  in  the  python  and  boa. 
A  yascnlar  canal  perforates  the  under  sur&ce  of  the  centrum,  and 
there  are  sometimes  two  or  even  three  smaller  foramina.   In  the 
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python  a  large,  vertioally  oblongs  but  short  diapophysiB 
from  the  fore  part  of  the  side  of  the  centrum  obliquely  baekwaid: 

it  is  covered  by  the 


tioular  snrfim  for  the 

rib,  is  convex  lengthwise 
and   convex  vertically 
at  its  upper  half,  but 
sliffhtlv  concave  at  its 
lower    half.      In  the 
rattlesnake  the  diapo- 
physisdevelopes  a  small, 
ctronmscribed,  articular, 
tubercle,  lb.  d,  for  the 
*  yertebral  rib '  or  i^eur- 
apophyds,  pl\  a  paxapo- 
physis^ef ,  extends  down- 
wiffd  and  forward  below 
the  level  of  the  oen- 
tnim;  the  anterior  zy- 
<j;a]iopbysi8,  r,  is  sup- 
ported   by   a  ])r(>cess, 
ib.  d'y  from  tbe  upper 
end  of  the  dia])opby>is. 
The  base  of  the  neural 
arch    swells  outward 
from  its  confluence  with 
the  centrum,  and  de- 
▼elopes  fiom  each  angle 
a  transversely  ehwigprtpd 
zygapopbysis;  thM  fiNMu 
the  anterior  an^e,  z, 
looking    upward,  that 
from  tlie  postenor  angle, 
downward ;  both  sur- 
faces   being  flat,  and 
almost  borizontal,  as  in 
the  Batrachians.  Tlie 
neural  canal  is  narrow  ; 
the  neural  spine,  ns,  is  of 
moderate  hei^t,  about 
MMHtwut  tiie<oiw»ciNr»Mp««iu  oqual  to  its  antero-pos- 

tenor  extent ;  it  is  compressed  and  truncate.  A  wedge-Aaped 
process,  *  zygosphene,'  z«,  is  developed  from  the  fore  part  of  the 
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base  of  the  spine ;  the  lower  apex  of  the  wedge  being,  as  it  were, 
cut  ofl,  iiiul  its  sloping  sides  presenting  two  smooth,  flat,  articular 
surtaces.  This  wedge  is  received  into  a  cavity,  tlie  *zygantrum/ 
excAvated  in  the  i)ostcrlor  expansion  of  the  neural  arch,  and 
having  two  smooth  articular  surfaces  to  which  the  zygtisphenal 
surfaces  are  adapted.  Thus  the  vertehras  of  serpents  articulate 
with  each  other  by  eight  joints  in  addition  to  those  of  the  cup  and 
ball  on  the  centnun;  and  interlock  by  parts  reciprocally  receiving 
and  entering  one  another,  like  the  joints  called  tenon-and-mortice 
in  carpentry,  fig.  47.  In  the  caudal  vertebrwy  the  hjpapophyeia 
is  doubley  the  transition  being  eflSBOted  bjr 
its  progressiTe  bifurcation  in  the  posterior 
abdominal  Tertebna.  The  diapopbTBes  be- 
come much  longer  in  the  eandal  yertebney 
and  support  in  tiie  anterior  ones  short  ribs 
which  nsoally  become  aochylosed  to  thw 
extremities. 

The  pleurapophyses  or  vertebral  ribs 
have  an  obloni:;  articular  surlace,  concave 
above  and  almost  flat  below  in  the  Python, 
with  a  tubercle  developed  from  the  upper 
part,  and  a  rough  surface  excavated  on  the  fore  part  of  the  ex- 
panded head  for  the  insertion  of  the  precostal  ligament.  They 
have  a  large  medullary  cavity,  with  dense  but  thin  walls,  and  a 
fine  cancellous  structure  at  their  articular  ends.  Their  lower  end 
supports  a  short  cartilaginous  hssmapophysb^  which  is  attached 
to  the  broad  and  stifl*  abdominal  scute.  These  scutes,  alternately 
raised  and  depressed  by  muscles  attached 
to  the  ribs  and  integmnent»  aid  in  the  glid- 
ing movements  of  serpents ;  and  the  ribs, 
like  the  legs  in  the  centipede,  subserve 
looomotion;  but  they  have  also  accessory 
functions  in  relation  to  breathing  and  con- 
striction. The  anterior  ribs  in  the  cobra, 
fig.  46,  pi,  are  unusually  long,  and  are 
slightly  bent ;  they  can  be  folded  back  one 
u|x>n  another,  and  can  be  drawn  forward, 
or  erected,  when  they  sustain  a  fold  of 
integument,  peculiarly  coloured  in  some  species  —  e.g.,  the 
spectacled  cobra  —  and  which  has  the  effect  of  making  this 
venomous  snake  more  conspicuous  at  the  moment  when  it  is 
about  to  inflict  its  deadly  bite.  The  ribs  commence  in  the 
cobra,  as  in  other  serpents,  at  the  third  vertebra  £rom  the  head. 
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The  centrum  of  the  first  vertebra  coalesces  with  that  of  the 
second,  and  its  place  is  taken  by  an  autogenous  hypapophysis : 
tliis,  in  the  python,  ia  articulated  by  Fntnre  to  the  ueurapophyses ; 
it  also  presents  a  concave  articular  surlarc  anteriorly  for  the  lower 
part  of  the  basioccipital  tubercle,  and  a  similar  surface  behind  for 
the  detached  central  part  of  the  body  of  the  atlas^  or  *  odontoid 
process  of  the  axis.'  The  base  of  each  neurapophysis  has  an 
imtero-mtenial  articular  aur&oe  for  the  exoo<upitai  tubercle^  the 
middle  one  for  the  hypapophysis,  and  a  postero-intemal  snr&oe 
for  the  upper  and  lateral  parts  of  the  odontoid ;  they  thns  rest  on 
both  the  separated  parts  of  their  proper  centrum*  The  neurit 
poj^hyses  expand  and  arch  over  the  neural  canal,  but  meet 
without  coalesdng.  There  ia  no  neural  spine.  Each  neura- 
pDpliysis  developes  from  its  upper  and  lunder  border  a  short 
zygapophysis,  and  from  its  side  a  still  shorter  dia]>ophysis.  In 
the  second  vertebra,  the  odontoid  presents  a  convex  tubercle 
anteriorly,  wliich  fills  up  the  articular  cavity  in  the  atlas  for  the 
occi]iit4il  tubercle :  below  this  i-  tlie  surface  for  the  hypapophysial 
part  of  the  atlas,  and  above  and  behind  it  are  the  two  surfaces 
for  the  atlautal  neurapophyses.  The  whole  iK)st€riur  surface  of 
the  odontoid  is  anchylosed  to  the  proper  centrum  of  the  axis,  and 
in  part  to  its  hypapophysis.  The  neural  arch  of  the  axis  d^ 
velopes  a  short  ribless  diapophysis  from  each  side  of  ita  base ;  a 
thick  sub-bifid  zygapophysis  from  each  side  of  the  poaterior 
margin ;  and  a  moderately  long  bent-back  spine  from  its  upper 
part  The  centrum  terminates  in  a  ball  belund,  and  below  this 
sends  downward  and  backward  a  long  hypapophysis. 

At  the  opposite  extreme  of  the  elongated  body,  two  or  three 
much  simplified  vertebree  are  usually  found  blended  together ;  they 
support  the  horny  rings  forming  the  warning  rattle  of  the  Cro~ 
talus,    Tiiere  is  no  sternum  iu  true  Oplii  Ua. 

The  skeleton  of  the  Python  (/'.  h(/n's)^  has  291  vertebrae,  of 
which  the  3rd  to  the  251si  support  movable  ribs.  The  74 
anterior  vertebra?  dcvelopc  hy])apophy8e8.  The  skeleton  of  the 
3oa  constrictor^  has  305  vertebrse,  a  hypapophysis  being  developed 
from  the  60  anterior  ones.  In  the  skeleton  of  a  Iiattle-«nake 
{Crotahts  horridusY  with  194  vertebm^  168  support  movable 
ribs,  and  all  these  develope  hypapophyses,  fig.  47>  h,  as  long  as  the 
neural  spines,  fu.  In  the  Ntj^a^  fig.  46,  as  many  yertebras  hare 
the  lower  process,  but  of  less  length.  In  the  Bough  Treensnake 
{Deirodon  seaberY  with  256  Tertebns,  a  hyf  apophysis  projects 

•  XLiv.  vol.  i.  No.  GO'2,  p.  123.       »  lb..  No.  630,  p.  132. 
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from  the  32  anterior  onc3,  directed  ])ack\vard  in  the  first  ten,  and 
forward  in  the  last  ten,  where  they  are  unusually  long,  and  tipped 
with  a  coat  of  hard  dentine ;  these  perforate  the  oesophagus,  and 
serve  as  teeth.  The  jaws  are  merely  roughened  by  rudiments  of 
teetik  The  relation  of  this  singular  condition  of  the  cervical 
hypapophyses  and  the  modification  of  the  dental  Bysteni  to  the 
fbod  of  the  Deirodon  will  be  explained  in  the  chapter  on  teeth. 

§  22.  Vertdn'ol  column  of  Laoertiau  —  The  anguine  or  snake- 
like  reptiles,  with  fixed  npper-jaws  and  a 
scapolar  aioh,  pass  giadnally^  by  other  forms 
witfi  rudiments  of  finbs  {PttMdojpus)^  to  ilie 
slender-bodied  long^tailed  laoertians.  The  dis- 
tinction IS  efifected  through  the  establishment 
of  a  ooetal  arch  in  the  trunk,  completed  by  the 
ad^tion  of  a  haemal  spine  (sternum^  and  liirma- 
poi)hyses  (sternal  ribs)  to  the  pleurapopliyses  Trunk  Twt««,  im» 
or  vertci)rai  ribs,  which  are  alone  ossified  in 
Ophidia. 

The  vertebnc  of  the  trunk  have  the  same  prococlian  character, 
i.  e.,  with  the  cup  anterior  and  the  ball  behind,  fig.  48  ;  tlie  latter, 
c,  being  usually  less  prominent,  more  ol^llque,  and  more  trans- 
versely oval  than  in  serpents.  The  vertebrae  also  are  conunonly 
lar^rer,  and  always  fewer  in  number  than  in  the  typical  Ophidia. 

Those  of  the  Iguanas  retain  the  superadded  articular  surfiuses 
of  the  zygoephene,  fig.  48,  zg^  and  zygantrum ;  but  I  have  not 
met  with  thcNse  superadded  processes  in  other  laoertians.   In  the 


49 


flora  part  of  ikdetott  of  a  Linvd 


Geckos  the  yertebne  are,  exceptionally,  biconcave.  ^  The  ribs  do 
not  begin  to  be  developed  so  near  the  head  as  in  Ophidia.  Not 
only  t£e  atlas  and  dentata,  but  the  third  vertebra,  fig.  49,  and 
sometimes,  as  in  the  Monitor  (  VaTanui)^  the  four  following  verte- 
brae, are  devoid  of  pleurapophyses:  when  these  first  appear  they 

>  8m  Hmm  of  die  fibgeoiis  JUfiidboMpAa/iM^  xxiv.  voL  i.  Na  142. 
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or   ninth,   fig.    49,  6, 
{Lacerta),  from  tlie  head 
or  tenth  ( Varanus),  they 
are  joined    throngli  the 
medium  of  ossified  hicnia- 
pophyses    to    the  ster- 
num. Two(  Varanus), X]irQC 
(  ChfnneleOy  Iguana),  or  four 
{Cyclodui)f  following  ver* 
tebne  are  Bimilarly  oom* 
pleted;  andtlien  the  hiema- 
pophyaes  are  mther  luiited 
below  without  interveniiig 
sternum  (  Chameleo)^  or  two 
or  tliree  of  them  are  joined 
by  a  conmion  cartilage  to 
the  cartilaginonfl  end  of 
the  sternum.    The  hiema- 
pophyscs  afterwards  pro- 
ject freely,  and  arc  reduced 
to   short    ajjpendages  to 
the  plcurapnpliyso8.  Tlicse 
also  shorten,  and  suiuetimes 
suddenly,  as,  e.  g.,  after 
the  eighteenth  vertebra  in 
the  Monitors  (  Varanus),  in 
which  they  end  at  the 
twenty-eighth  vertebray  as 
they  began,  yriz,,  in  the 
form  of  short  straight  ap- 
pendages  to  the  diapo- 
physes. 

The  Draco  volans,  fig. 
50,  is  so  called  on  account 
of  the  wing-like  expansions 
from  the  sides  of  its  biuly, 
fcupported,  like  the  hov)d  of 
the  cobra,  by  t^lender  elon- 
gated ribs.  In  til  is  little 
lizard  tiiere  arc  twenty 
vertebrae  supporting  movable  ribs,  which  commence  apparently 
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at  the  MIl  Those  of  llie  eighth  Tertebra  first  join  ihe  stenmiiiy 
as  do  those  of  the  ninth  uid  tenth ;  the  pleurapophyses  of  the 
elerenth  vertebra  suddenly  acquire  extreme  length;  those  of  the 
four  foiiowiniT  vertebriu  are  al-io  long  and  slender;  they  extend 
outward  and  backward,  and  supjjort  the  parachute  formed  by  the 
broad  lateral  fold  of  the  abdominal  intcf^iinients.  The  pleurajx)- 
physe8  of  the  succeeding  vertebnx;  rapidly  shorten.  The  sacrum 
consists  of  two  vertebne.    There  arc  about  tiity  caudal  vertebra?. 

The  Bcmi-ossified  sternum  in  the  Iguana  has  a  median 
groove  and  fissure,  and  readily  separates  into  two  lateral 
moieties.  The  long  stem  of  the  epistemum  covers  the  outer 
part  of  the  groove,  where  it  represents  the  *  keel '  of  the  sternum 
in  birds. 

The  two  sacrsl  vertebne  retain,  in  most  Lacertians,  the  cu|h 
aod-ball  joinfts ;  and  in  the  Sdncks,  where  they  coalesce,  the 
second  presents  a  ball  to  the  first  candaL  HsBmapophyses  are 
wanting  in  the  first  caudal,  commence  in  the  second,  but  are 
displaced  to  the  interval  between  this  and  the  third;  they  are 
confluent  at  tiieir  distal  rads,  and  there  produced  into  a  spine : 
these  *  chevron  bones '  are  continued  usually  along  two-thirds  of 
the  tail.  In  most  of  the  caudal  vertebrae  the  anterior  third  of 
the  ccntnuu  is  marked  off  by  a  line,  just  anterior  to  the  dia- 
popliyses,  where  the  tad  snaps  off,  when  a  liziird  escapes,  leaving 
the  part  that  has  been  seized  in  the  hands  of  tlie  baffled  pui'suer. 
The  ossification  of  the  centrum  from  two  points,  and  their  in- 
complete anchylosis  has  prospective  relation  to  the  lialnlity  of 
lizards  to  be  caught  by  their  long  tail,  and  lends  itself  to  tlieir 
escape.  The  epiphysial  line  does  not  extend  through  the  thin 
and  brittle  neural  arch,  which  readily  snaps  when  the  two  parts 
of  the  centrum  to  which  it  is  anchylosed  are  separated.  Lizards 
reproduce  the  lost  tail ;  but  the  vertebral  axis  is  never  ossified  in 
the  new«fi>nned  part 

In  the  slow-worm  {Anguis)  there  are  111  yertebr®,  61  of  which, 
beginning  at  the  fourth,  support  free  ribs.  The  transverse  pro* 
cesses  of  the  tul  are  formed  by  short  anchylosed  pleurapophyses, 
which  are  bifurcate  in  the  second  and  third  caudals.  The  hypa- 
jiophyscs  are,  also,  anchylosed  to  the  centrum;  but,  instead  of 
remaininfT  distinct,  as  in  true  Ophtdia,  they  unite  at  their  lower 
ends  and  complete  the  hjemal  arch.  The  vertebrae  of  the  Amjjhis^ 
iHBna  have  no  neural  sj)ine. 

The  lacertiaa  modifications  of  the  atlaa  and  axis  ^  agree  in  the 
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main  wiih  those  in  ihe  I^f^mu  In  liiiunu  the  oenrical  hype^ 
pophjses  are  oompressedy  distincty  and  articulated  to  the  inter- 
space between  their  own  vertebra  and  the  one  in  advance.  The 
caudal  vertebro  are  remarkable  for  the  great  length  of  their 
neural  spines. 

In  the  Chameleon  the  ribs  commence  at  the  fourth  vertebra, 

and  those  ot  the  sixth  are  articulated  bv  semiossified  cartihii,^^  to 
the  sternum,  as  arc  the  tlirce  following  pairs  ;  in  the  next  eijj^ht 
or  ten  pairs  the  loiv^  and  slender  cartilages  meet  and  unite  to- 
gether at  their  extremities.  There  arc  two  lumbar  and  three 
sacral  vertebrae ;  the  tail  is  long  and  prehensile.  In  the 
Lptnrtn  tith  rrulata  twenty-one  vertebrie,  commencintr  with  the 
fifth,  support  free  ribs,  and  those  of  the  ninth  first  join  the 
sternum. 

§  2^  Vertebral  column  of  Chelonia, — This  column  is  most  ex- 
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traordinary  in  those  licptiUa  to  which,  in  the  manifold  modifica- 
tions of  the  organic  framework,  has  been  given  a  ]>ortable  abode, 
in  coni])cnsation  i'or  iui'erior  powers  of  locomotion  and  the  want 
of  defensive  weapons. 
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The  expanded  thorado-abdoininal  case,  fig.  51,  k,  k,  into 
which,  in  most  ChelooianSy  the  head,  the  tail,  and  the  four  ex- 
tremiliea  can  he  withdrawn,  and  in  some  of  the  species  be  there 
shut  np  by  movable  doors  closely  fitting  both  the  anterior 
and  posterior  apertures  —  as,  e.g.,  in  the  box-tortoises  {Cino- 
sferjion,  Cistmlo)  —  lias  been  the  subject  of  many  investigations; 
and  not  the  least  interesting  result  ha.s  been  tlie  discovery 
that  this  seemln^dy  special  and  anomalous  superaddition  to  the 
ordinary  vcrtel)rate  structure  is  due,  in  a  great  degree  to  the 
modification  of  form  and  size,  and,  in  a  less  degree,  to  a 
change  of  relatiYe  position,  of  ordinary  elements  of  the  vertebrate 
skeleton. 

The  natural  dwelling-chamber  of  the  Chelonia  condsts  chiefly, 
and  in  the  marine  species  (Chehme)  and  soft-turtles  {Trumyx) 
solely,  of  the  floor  and  the  roof: 
side- walls  of  variable  extent  are 
added  in  the  fresh-water  species 
(JSmys)  and  land-tortoises  (Tef- 
iudo).  The  whole  consists 
chiefly  of  osseous  *  plates '  with 
snperincmnhent  homy '  scntes,' 
except  in  Trioni/xaxid  Sphargis, 
in  which  these  latter  are 
wanting. 

The  roof,  or  '  carapace,'  fig. 
52,  consists  of  a  *  median '  series 
of  symmetrical  plates,  ck^  s  i  to 
s  w,  and  of  two  'lateral'  series 
forming  a  pair,  pi  i  to  pi  s,  the 

whole  i^eing  surrounded  by  a       o>"<*<»<tf  "wt^ggg^fagdiuruo  (cxto— 
circle  of  « marginal '  pieces,  m  i 

to  py,  completed  anteriorly  by  cA,  the  first  of  the  median 
series.  Of  the  median  series  eight,  «  1  to  #  s,  are  attached  to 
the  spines  of  eight  subjacent  vertebne:  the  lateral  or  parial 
plates,  pi  \  to  pi  8,  are  attached  to,  and  more  or  less  blended 
with,  the  ribs  ^  the  same  vertebrsB ;  and  the  ends  of  these  ribs 
usually  articulate  by  gomphosis  wiih  a  corresponding  number 
of  the  marginal  pieces,  of  which,  however,  there  may  be  from 
twenty-four  to  twenty-six,  including  the  two  median  and  symme- 
trical ones,  eh  and  py.  That  these  marginal  pieces  are  the  least 
essential  [)arts  of  the  carapace  is  shown,  not  only  by  their  incon- 
stant number,  but  by  their  partial  or  total  absence  in  some  of  the 
soft-turtles  {Gymnopus,  SphargU), 
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The  median  pieces,  #  i  ta  #  11,  are  called  the  'neural'  plates; 

the  lateral  pieces,  pi  \  to  pi  6,  the  *  costal'  plates;  the  term 
« marjrinul '  is  restricted  to  those  peripheral  pieces  which  foim  pairs, 

m  I  to  HI  12;  the  anterior  symmetrical  piece,  ch,  constant  in  all 
CAe/t^«/V/,  is  called  the  'nuchal'  plate;  the  posterior  symmetrical 
piece,  pi/,  which  is  wanting  in  all  the  l^riovj/cidai,  is  the  *  pygal ' 
plate.  Tlie  neural  arch,  connate  with  the  first  neural  plate,  5  i,  is 
suj)j)orto(l  partly  by  the  centrum  of  the  vertebra  to  which  the  finst 
pair  of  free  ribs  is  articulated,  and  which,  therefore,  is  reckoned 
as  the  first  dorsal  vertcV)ra :  these  ribs  are  small  an^l  slender, 
attached  at  both  their  extremities,  the  outer  end  abuttnig  against 
the  under  part  of  the  first  pair  of  costal  plates,  which  they  help 
to  sustain*  The  second  to  the  ninth  dorsal  vertebrse  inclnsiye, 
being  those  which  are  more  immediately  connected  with  the  neural 
and  costal  plates*  are  the  ^  vertebraa  of  the  carapace : '  their 
characters,  though  not  less  artificiid  than  those  which  distingidsli 
the  ^dorsal'  or  Mumbar*  Tertebras  of  other  reptiles,  are  moch 
more  marked  and  constant.  The  eighth  vertebra  of  the  cara> 
pace  is  succeeded  hj  one,  which  in  some  species  (e.  g.  C%ehme 
eaouannd)  supix)rts  a  pair  of  short  ribs,  in  others  (  Trimi/x)  none, 
and  which  is  therefore  reckoned  a  'lumbar'  vertebra;  this  is 
followed  l)y  two  other  vertebrae,  with  short  and  thickened  ribs, 
abuttinG"  againsit  the  iliac  bones  and  representing  the  *  sacrum,* 
fig.  .■>!,(;:  a,s  these  three  vertebra)  are  not  immediately  united  with 
the  niuth,  tenth,  and  eleventh  '  neural  plates,*  they  have  less  claim 
than  the  first  dorsal  vertebra  to  be  regarded  as  entering  into  the 
Composition  of  the  carapace. 

The  '  plastron,'  fi<i;.  53,  or  floor  of  ilie  thoracic-abdominal 
chamber,  consists,  in  all  recent  Chelonia,  of  nine  pieces.  The 
median  and  symmetrical  piece,  is  the  '  entostemal ; '  the  four 
pairs,  counted  from  before   backward,   are   respectively,  the 

*  epistemals '  (<>.«),  <  hyostemals '         *  hypostemals '  and 

*  juphisternals '  (x*). 

In  all  the  Chelomans,  save  the  coriaceous  {Sphar^)  and  soft 
turtles  (  Trumyeidm)^  the  outer  surface  of  the  carapace  is  impressed 
hj  the  homy  scutes,  commonly  called  '  tortoise-shell ;  *  and  these 
epidermal  productions  have  received  definite  names  in  Zoological 
Treatises,  their  modifications  being  found  of  great  use  in  charao>- 
terising  species.  In  fig.  62,  o  1  is  placed  on  the  first '  vertebral 
scute  *  close  to  its  union  with  the  first  and  second  *  costal  scutes ;  * 
and  r  2  to  r  5  indicate  the  succecdin^^  vertebral  scutes,  the  outer 
angles  of  which  are  similarly  wedged  between  the  adjoinin;^  pail's 
of  *  costal  scutes :  *  beyond  the  costal  scutes  are  a  series  of  ^  mar- 
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ginal  scutes/  supported  by  the  marginal  plates,  and  crossmg  their 

sutures. 

In  the  Trumycid(B  the  exterior  sur&ce  of  the  carapace  and 
plastron  is  remarkable  for  its  zongh  ▼ennicular  or  ponctate 

sculpturing.' 

The  median  bony  pieces  of  the  carapaoe,  fig.  52,  cA, «  i  to  «  ii, 
bsTe  been  regarded  as  lateral  expansions  of  the  sonunits  of  the 
nennd  sfmies;  the  medio^teral  jneoes,  ib. 1  to ^/  8,  as  similsr 
developements  of  the  ribs ;  and  the  nuu^^inal  pieces  ib.  m  i  to  m  is^ 
as  the  homolognes  of  ihe  sternal  ribs.  But  llie  derelopement  of 
the  carapace  shows  that  oisificalion  begins  independently  in  a 
fibro-cartilaginous  matrix  of  the  oorinm  in  the  first,  ch,  snd  some 
of  the  last,  «  9  to  «  ii,  median  plates, 
and  extends  from  the  summits  of  the 
neural  spines  into  only  eight  of  the  in- 
tervening ])lates,  .V  1  to  5  8 :  ossification 
also  exte  nds  into  the  contiguous  lateral 
plates,  pi  1  to  pi  8,  in  some  Chclonia, 
not  from  the  correspondinnr  part  of  the 
subjacent  rihs,  hut  from  points  alter- 
nately nearer  and  farther  from  their 
heads,'  showing  that  such  extension  of 
ossification  into  the  corium  is  not  a 
developement  of  the  tubercle  of  the 
rib,  as  has  been  supposed.  Ossification 
oommenoes  independently  in  the  corium 
fi)r  all  the  marginal  plates,  ml  to  joy;  these  never  coalesce  with  the 
bones  uniting  the  sternum  with  the  vertebral  ribs,  are  often  more 
numerous,  sometimes  less  numerous,  than  those  ribs,  and  in  a  few 
species  are  wanting.  Whence  it  is  to  be  inferred  tliat  the  ex- 
panded bones  of  the  carapace,  whidi  are  supported  and  impressed 
by  the  thick  epidermal  scutes  called  *  tortoise-shell,'  are  dermal 
ossificatioTis,  homologous  with  those  which  siij)))ort  the  nuchal  and 
dorsal  epiik  rnial  scutes  in  the  crocodile.  Along  the  under  surface 
of  the  costal  plate  the  slender  or  proper  portion  of  tlic  rib  may 
be  traced,  of  its  ordinary  breadth  to  near  the  head,  wliich  liberates 
itself  from  the  costal  plate,  as  at  i,  fig.  51,  to  articulate  to  the  in- 
terspace of  the  two  contiguous  vertebras,  to  the  posterior  of  which 
such  rib  properly  belongs. 

In  the  'plastron,'  fig.  53,  the  entostemal,  «,  answers  to  the 
sternum  in  the  crocodile :  the  parial  pieces  are  *  hnmapophyses '  or 
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sternal  ribs,  connate  in  a  more  or  less  complete  degree  witli  dermal 
bony  plates.    There  were  live  pairs  in  tlie  extinct  Pleiirostemon, 

In  the  marine  Cheloniaus  the  dermal  ossifications,  fig.  pi  i  to 
8,  do  not  cover  the  whole  of  the  intercostal  spaces ;  the  slender 
ribs  juoject  beyond  them.  In  the  fresh-water  and  land  kinils 
they  extend  to  the  marginal  ]ilate8  and  coin])K  te  the  bony  roof,  as 
in  tisr.  51.  There  is  a  similar  ditference  in  the  de^^rce  of  ossification 
of  the  '  plastron '  between  the  genus  Chelom  and  the  geneia  En^s 
and  Testudo, 

In  the  Ghelonia  the  true  centrum  of  the  atlas  does  not  coalesce^ 
aa  an  'odontoid'  process,  with  that  of  the  aziBy  and  usually  supports 
its  own  newral  arch:  the  hypapophjBia  is  proportionaUy  reduced.' 
All  the  eight  cervical  vertebne,  fig.  51^  E>  are  free»  movable,  and 
riblesB :  the  fourth  of  these  vertebne  has  a  much  elongated  centrum, 
which  is  convex  at  both  ends :  the  eighth  is  short  and  broad,  with 
the  anterior  sur&ce  of  the  body  divided  into  two  transversely 
elontrated  convexities,  and  the  posterior  jvart  of  the  body  forming 
a  siuijlc  convex  surikce  clividcii  into  two  lateral  facets;  the  under 
part  of  the  centrum  is  carinate ;  the  neural  arch,  which  is 
anchylosed  to  this  centrum,  is  short,  broad,  obtuse,  and  overarched 
by  the  broad  expanded  nuchal  i)late.  The  first  dorsal  vertebra 
is  also  short  and  broad,  with  two  short  and  thick  pleura jwphyses, 
articulated  by  one  end  to  the  expanded  anterior  part  of  the 
centrum,  and  united  by  suture  at  the  other  end  to  the  succeeding 
pair  of  ribs.  The  head  of  each  rib  of  the  second  pair  is  supported 
upon  a  strong  trihedral  neck,  and  articulated  to  the  interspace  of 
the  first  and  second  dorsal  yertebns :  it  is  connate,  at  liie  part 
corresponding  to  the  tubercle,  vriih  the  first  broad  costal  pUte, 
which  articidates  by  suture  to  the  lateral  margin  of  the  first 
neural  plate,  and  to  portions  of  the  nuchal  and  ihird  neural 
plates:  the  connate  rib,  which  is  almost  lost  in  tiie  substance  of 
the  costal  plate,  is  continued  with  it  to  the  anterior  and  outer  part 
of  the  carai)ace,  where  it  resumes  its  subcylindrical  form,  and 
articulates  with  the  second  and  third  marL^inal  pieces  of  the  cara- 
pace. The  neural  arch  of  the  second  d(»rsal  vertebra  is  shifted 
forwards  to  the  interspace  between  it,s  own  centrum  and  that  of 
the  first  dorsal  vertebra.  A  similar  disposition  of  the  neural 
arch  and  of  the  ribs  prevails  in  the  third  to  the  ninth  dorsal 
vertebrse  inclusive.  The  bony  floor  of  the  great  abdominal  box, 
or  '  plastron,'  is  formed  by  the  hasmapophyses  and  sternum  connate 
with  dermal  osseous  plates,  forming,  as  in  the  turtle,  nine  pieces, 
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but  Acy  are  more  ossified,  and  the  hyo-  and  hypo-sternals  unite 
suturally  with  the  fourth,  fii'tli,  and  sixth  luargiiial  plate  s,  forming 
the  «ide-walls  of  the  bony  chamhcr  cut  throuijh  in  li-.  01.  The 
junction  between  the  hyo-  and  hyi>()-.<ternals  admits  of  sonic 
yielding  niuvement.  The  iliac  bones  abut  agaiusit  the  jjleiirajK)- 
phy?:cs  of  tlie  tenth,  eleventh,  and  twell'tli  vertebne,  counting  frDtn 
the  first  dorsal  vertebra.  These  three  vertebral  form  the  saerum ; 
their  pleurapophyses  are  unanchylosed,  converge,  aad  unite  at 
their  distal  extremities  to  form  the  articular  surface  for  the  ilium. 
Beyond  these  the  caudal  vertebne,  ib.  thirty-five  in  number  in 
Testudo  elephanUfpuSy  are  firee,  with  shorty  fltnught^  and  thick 
pleurapc^hysesy  articulated  to  the  sides  of  the  anterior  expanded 
portions  of  the  centrums.  They  diminish  to  mere  tubercles  in  the 
tentb  caudal  vertebra^  and  disappear  in  the  remainder.  The  neural 
arches  of  the  caudal  yertebrsB  are  flat  ahoye^  and  without  spines. 

f  24.  Vertebral  column  of  Crocodilia,  —  In  this  order  free 
pleurapophyses  are  developed  from  all  the  ecrvieal  vertebne  ;  that 
t.f  the  atlas,  fip^.  .34,  <i,  is  attached  to  the  hypapophysis ;  the  neur- 
ai>opliyses  rest,  iu  part  ujwn  this  element,  in  jiart  upon  the  proper 
centrum,  which  coalesces  Avith  that  of  the  axis :  the  neural  spine 
of  the  atlas  remains  di^tiiu't,  like  that  of  the  occiput,  and  is  broad 
and  tlat.  The  centrum  of  the  axis  is  fiat  iu  front,  and  convex 
behind :  the  neural  arch,  as  in  the  succeeding  yertebra,  is  com* 
pleted  by  the  connate  spine.  The  pleurapophysis,  ib.  by  has  a 
bifurcate  head.  With  the  exception  of  the  two  sacral  yertebrae, 
which  are  flat  at  one  end  and  concaye  at  the  other,  and  of  the  first 
caudal  yertebra,  which  is  conyex  at  both  ends,  the  bodies  of 
all  the  yertebrse  beyond  the  axis  are  concaye  in  front  and  conyex 
behind.  'The  procoelian  centrum  of  the  third  cervical  is  shorter 
but  broader  than  the  second ;  a  parapophysis  is  developed  from 
the  side  of  the  centrum,  and  a  diapophysis  from  the  base  of  the 
neural  arch;  the  pleurapophysis  is  shorter,  its  fixed  extremity  is 
bifid,  articulating  to  the  two- above-nanted  processcii ;  its  free 
extremity  expands,  and  its  anterior  anf^le  is  directed  forward  to 
abut  a<rainst  the  inner  surface  of  the  extremitv  of  the  rib  of  botli 
the  axis  and  atlas,  whilst  its  j)osteri(>r  jn'oloTi^^atlon  overlaps  the  rib 
of  the  fourth  vertebra.  The  same  general  characters  and  imbri- 
cated coadaptation  of  the  ribs,  not  given  in  the  diagram,  54, 
characterize  the  succeeding  cervical  yertebra;  to  the  sevcntli 
inclusiye,  fig.  57,;?,  the  hypapophysis  progressively  though  slightly 
increasing  in  size.  In  the  eighth  cervical  the  rib,  A,  becomes 
elongated  and  slender;  the  anterior  angle  is  almost  or  quite 
suppressed,  and  the  posterior  one  more  developed  and  produced 
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more  di)wiiw;ir<l,  so  as  to  iorin  ilic  Ixxly  of  the  rib,  which  toimi- 
nates,  however,  in  ji  free  point.  In  the  ninth  cervical,  the  rib,  t, 
is  increased  in  lengthy  but  ia  still  what  would  be  termed  a  ^  false ' 
or  *  floating  rib '  in  anthropotomy. 

In  the  succeeding  vertebra  the  pleurapophjsis,  fig.  54,  A, 

articulates  with  a  hsnnapophjsiB^  and 
the  hcsmal  arch  is  completed  by  a 
hasraal  spine;  by  which  completion 
of  the  typical  segment  we  extinguish 
the  commencement  of  the  series  of 
dorsal  vertebra?.  With  regard  to  the 
so-called  '  })<  i  lui  ation  of  the  transverse 
process'  this  e([iially  exi>t-  in  the  pre- 
sent vertebra,  as  in  the  oervieals;  on 
the  other  hand,  the  cervical  vertebrae 
equally  show  surfaces  for  the  articU'^ 
lation  of  ribs.  The  typical  characters 
of  the  segment,  due  to  the  completion 
of  both  neural  and  luemal  arches,  are 
continued  in  some  species  of  Croeodilia 
to  the  sixteenth,  in  some  {Craeodilus 
acutus)  to  the  eighteenth  vertebra.  In 
the  Crocofl/h/s  acutus  and  the  Alligator 
lucit/s  the  ha^inapophysis  of  the  eighth 
dorsal  rib  (seventeenth  segment  from 
the  head)  joins  tliat  of  the  antecedent 
vertebra.  The  pleurapophyses  project 
freely  on t ward,  and  become  *  floating 
ribs'  in  the  eighteenth,  fig.  55,  b, 
nineteenth,  ib.  c,  and  twentieth,  ib.  d, 
Tertebne,  in  which  they  become  rapidly 
shorter,  and  in  the  last  appear  as  mere 
appendages  to  the  end  of  the  long  and 
broad  diapophyses:  but  the  hasmapo- 
physcs  by  no  means  disap])ear  after 
the  solution  oi'  tlieir  union  with  their 
pleurapophyaes ;  they  are  essentially 
independent  elements  of  the  segment,  and  are  accordingly  eon- 
tinued,  in  pairs,  fig.  55,  3,  4,  5,  c,  7,  and  56,  along  the  ventral  sur- 
face of  the  abdomen  of  the  Croeodilia,  as  far  as  their  modified 
homotypes  the  pubic  bones,  ib.  s.  They  are  more  or  less  ossified, 
and  are  generally  divided  into  two  or  three  (lieces.  A  short  carti- 
laginous piece,  an  unossified  part  of  the  pleurapophysis,  intervenes 
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between  it  and  the  hsemapophysis.  A  amali  cartUaginous  appen- 
dage ia  attached  to  some  of  the  ribs. 

The  lumbar  Tertebrse  are  those  in  which  the  diapophyses  cease 
to  support  moTeable  pleurapophjses,  although  they  are  elongated 
by  the  coalesced  rudhnents  of  such,  ib.  e,f,^,  h,  which  are  distinct 
in  the  joung  Crocodile.  The  length  and  persistent  indiyiduality 
of  more  or  fewer  of  these  rudimental  ribs  determines  the  number 
of  the  dorsal  and  lumbar  yertebne  irespectiyelj,  and  exemplifies 
the  purely  artificial  character  of  the  distinction.  The  number  of 
▼ertebne  between  the  skull  and  the  sacrum  is  twenty-four.  In 
the  skeleton  of  a  Gavial,  I  have  seen  thirteen  dorsal  and  two 
lumbar;  in  that  of  a  Crocodibis  cdtaphructus  twelve  dorsal  and 
three  lumbar;  in  those  of  a  (^rorodilus  ucutus  and  AlUfjator  lucius^ 
eleven  dorsal  and  four  lumbar,  li<;.  57,  which  is  tlio  most  com- 
mon number.    Cuvier  assigns  five  lumbar  vertebno  to  Croc. 
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hipareatus.  But  these  varieties  in  the  developement  or  coales- 
cence of  the  stunted  pleurapophysis  are  of  no  essential  moment. 
The  coalescence  of  the  rib  with  the  diapophysis  obliterates  of 
course  the  duuacter  of  the  *  costal  articular  snrfiu^e/  which  we 
haye  seen  to  be  common  to  both  dorsal  and  cervical  yertebras. 
The  Itnnbar  zygapophyses  haye  thdr  articular  surfiices  almost 
horizontal,  and  the  diapophyses,  if  not  longer,  haye  ihdr  antero- 
posterior extent  somewhat  increased ;  they  are  much  depressed, 
or  flattened  horizontally. 

The  sacral  vertebrne,  fi^.  57,  S,  are  very  distinctly  marked  by 
the  flatness  of  the  coatlapted  ends  of  their  centrums;  there  are 
never  more  than  two  such  vertebraj  in  the  Crocodilia,  recent  or 
extinct :  in  the  first  the  anterior  surface  of  the  centrum  is  concave, 
in  the  second  the  posterior  surface;  the  zygapophyses  are  not 
obHteiated  in  either  of  these  sacral  yertebr»,  so  that  the  aspects  of 
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their  articular  surface  —  upward  in  the  anterior  pair,  downward 
in  the  posterior  pair  —  determines  at  once  the  oorxesponding  ex- 
tremity of  a  detached  sacral  vertebra.  The  thick  and 'strong 
transTerae  processes  &rm  another  characteristic  of  these  yertebrse ; 

for  a  long  period  the  suture 
near  their  base  remains  to  show 
how  huge  a  pro]K)rdon  is  formed 
by  the  plcnrapophysis.  This 
element,  fipf.  55,  i,  articulates 
more  with  the  centnim  than 
with  the  diapophvKig  developed 
from  the  neural  arch ;  it  ter- 
minates by  a  rough,  truncate,  ex- 
panded extremity,  wliich  almost 
or  quite  joins  that  of  the  sunilarly 
but  more  expanded  rib^  ib.  A, 
of  the  other  sacral  yertebra. 
Against  these  extremities  is  ap- 
plied a  supplementary  costel 
])iece,  serially  homolo^us  with 
the  fibrous  tract  indicated  by 
the  dotted  liue-s  between  h  and 
7,  p  and  6,  fiflf.  55 ;  but  ossified, 
ex|)anded,  and  iiitorpossing  it- 
self between  tlic  ])k'urapu])hy.se3 
and  lueinapophyses  of  both  jiueral 
vertebra;,  not  of  one  only. 
This  intermediate  pleurapophy- 
sial  part  is  called  the  '  ilium  ^ 
fig.  57,  ss:  it  is  short,  thick, 
yeiy  broad,  and  subtriangular, 
the  lower  truncated  apex  form- 
ing with  the  connected  extrem- 
ity of  the  haBmapophysis  an  arti- 
ctdar  cavity  for  the  divercring 
aj>i>t  ndage,  called  the  *  hind  leer.' 
The  haBmapophysis  of  the  anterior  sacral  vertebra  is  called  '  piil  m-,' 
fii;.  55,  8,  fiii;.  .56,  5  ;  it  is  moderately  long  and  slender,  but  expanded 
and  tiattened  at  its  lower  extremity,  which  is  directed  lor  ward 
toward  that  of  its  fellow,  and  joined  to  it  through  the  intermediimi 
of  a  broad,  cartilaginous,  luemal  spine,  ib.  lo  and  ii,  completing  the 
ha^nud  canal.  The  hiemapophysis  of  the  second  sacral,  fig,  55,  9, 
fig.  56,  4,  is  broader,  subdepreissed,  and  subtriangular,  expanding 
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as  it  apjn'oachcs  its  fellow  to  complete  the  second  polvlc  haemal 
arch.  The  size  of  these  elements  of  the  hienial  arcii,  and  their 
distinctive  sha|)es,  have  obtained  for  them,  in  antliropotomy,  special 
names :  their  diverging;  appendage  being  developed  into  a  potent 
locomotive  member.  The  crocodile  yields  a  clear  view  of  the  serial 
bomolog^es  of  the  hiemal  elements  along  the  trunk.  In  fig.  56, 
tliey  are  sketched  as  seen  from  the  dorsal  aspect.  The  hiemapo* 
physes  extend  from  A  i,  8,  to  A  6, 5, 4 :  the  haemal  spines,  mostly 
conflnenty  are  co-extensive  from  hs  to  io,  where  they  expand  as  a 
cartilage  between  6  and  5.  The  pair  of  hiemapophyses,  h  \,  are 
called  '  eoraooids/  and  bear  the  special  number  5s :  the  pair,  5,  are 
the  •  pubic  bones  * ;  the  pair,  4,  the  *  ischia.*  The  hscmal  spine,  hs, 
is  called  *  episternuni,'  the  succeeding:;  more  or  less  confluent  spines, 
9,  form  the  *  sternum  ' :  in  Man  their  aVxlnmiiial  continuation,  not 
quitting  the  fibrous  tissue-state,  is  called  '  lliiea  alba';  it  ])c- 
comes  eartilapre  in  the  Crorodilia,  ib.  lO,  and  partly  bony  in  old 
specimens.  The  abdominal  hjcmapophyses,  represented  by  the 
' iiitersectioncs  tendinea;  musculi  recti  abdominis'  of  anthropotomy, 
are  commonly  ossified^  each  from  two  centres,  in  old  Crocodilia, 

The  pleurapophysis  Is  reduced  to  a  transverse  process  in  the 
first  caudal  vertebray  fig.  55,  /;  which,  besides  being  biconyex, 
has  no  articular  sur&ce  for  the '  hsemapophyses :  these  elraents 
reappear  in  the  succeeding  segments,  detached,  ,  as  in  the  lumbar 
series,  from  their  pleiirapophyses,  but  articulated  to  the  centrum 
directly,  fig.  7,  with  a  backward 'displacement,  to  the  interspace 
between  their  own  and  the  succeeding  vertebra,  fig.  d7,  h.  After 
the  fourteenth  caudal  vertebra  the  transverse  processes  disappear, 
the  centnmi  becomes  cuuiprcssed,  and  the  neural  and  hromal 
spines  give  adequate  vertical  extent  to  the  long  and  strong  nata- 
tory tail,  to  near  its  pointed  termination. 

The  charncters  of  the  trunk-vertebraj  of  existing;  Crocodilian 
especially  their  procrelian  ty))e,  are  tliose  which  their  predecessors 
presented  throughout  all  the  tertiary  series  of  deposits,^  and  by 
some  species  from  cretaceous  beds.*  But  in  all  the  secondary 
series  below  the  chalk,  the  Crocodilia  present  flattened  or  sub-con- 
cave vertebral  surfaces;  or,  if  the  cup-and-ball  structure  be 
present,  it  shows  reverse  .positions  to  the  proccelian  lype,  e.  g.  in 
the  anterior  tmnk-vertebre  of  the  genus  of  oolitic  Crocodilian, 
thence  termed  *  Streptospondylus*  A  similar  * opisthocoelian ' 
modification  is  presented  by  the  cervical  and  anterior  dorsal 
vertebra:  of  the  more  gigantic  CeHosaurus ;  and,  in  a  minor  degree, 

*  CLXUI.,  part  iii.  p.  117,  pis.  1  t>,  ri,  3  A. 
'  Cneodilut  ba§\fi8tH»f  cuuv.  p.  380. 
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by  some  of  the  great  reptiles,  with 
limbs  more  a(]a[)tecl  ibr  terrestrial  pro- 
gression, called  '  Dinosauria'  ;  favour- 
ing in  these  the  flexibility  of  the  neck, 
as  the  same  ball-and-socket  structure 
does  in  the  large  herbivorous  quadru- 
peds of  the  present  day.^  The  neural 
arch  in  the  dorsal  r^pim  of  DmosQuna^ 
was  enhuged  and  strengthened  by  a 
bony  platform^  with  supporting  ridges : 
the  sacrum  included  from  four  to  six 
vertebra?,  having  the  neural  an  h 
sliif'ted  HO  as  to  rest  upon  two  ceu- 
trums  and  bind  them  together. 

§  25.   Vertebral  column  of  Ptero^ 
$anria,  —  In  tracing  the  modifications 
of  the  skeleton  from  the  earliest  forms 
of  extinct  speoiee,  the  proccelian  type  of 
vertebra  appears  first  in  the  extinct 
group  of  Reptiles  {PieroMaitrid)  adap- 
ted for  flight ;  the  Pterodacly les  of  the 
Lias  show  it^  with  a  confluent  neural 
arch  and  a  pneumatic  foramen  on  each 
side  of  the  vertebra.'-  The  cervical  ver- 
tebrai  of  Pterodactyles,  fig.  Ill,  are  the 
largest,  seven  or  eight  in  number,  of 
wliich  the  first  two  coalesce.    The  athivS 
has  a  very  short  discoid  centrum  aud 
two  slender  neurapophyses.  The  dorsal 
vertebne  become  smaller  to  the  pelvis ; 
tiiey  may  be  fiflteen  in  numb^,  fol- 
lowed by  two  lumbar,  from  three  to 
seven  sacnJ,  and  a  variable  number 
of  caudal  vertebne.   One  fiunily  of 
Pterodactyles  had  alon^  and  stiff  tail ; 
the  rest,  as  in  lig.  Ill,  a  short  tail. 
The  anterior  free  ribs  have  bifurcate 
heads ;  and,  as  tliis  structure  is  asso- 
ciated  in  modern    Eeptilioy  with  a 
four-chambered  heart,  that  organ  had 
probably  reached  the  same  stage  of 
perfection  in  the  flying  Heptiles,  the 
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huge  terrestrial  Dinosaurs,  and  other  extinct  groups  with  the  j^aiiu; 
costxil  structure.  The  existing  Reptilin  arc  hut  a  rcuuiant  of  a 
once  extensive  and  varied  class  of  cohl-l^looded  vertebrates,  which, 
since  the  mcfozoic  epoch  ha«*  been  on  the  waneJ 

§  26.  JJt  rrlnpemmt  of  the  akulL —  In  review  iiig  the  uiodifirationa 
nf  this  jmrt  of  the  vertebral  column  in  the  Ihtmatocrya^  we 
retrace  our  8te|>s  to  the  lowest  water*breathiiig  forms,  and 
recommence  with  the  Dermopterous  subclass. 

Paasing  from  the  trunk  to  the  head,  w*  find  in  the  Lancelet 
^ l>ranekia§toma)i  fig*  that  the  craniiun  is  not  indicated  by 
difierence  of  size  or  structure  of  the  rudimental  %  ertebral  column, 
but  consists  of  the  gradually  contracting  anterior  termination  of 
the  neural  canal,  which  retains  its  primitive  fibro-membranous  wall, 
9,  oby  without  any  superaddition  of  parts,  and  is  supported  by  the 
tapering  end  of  tiie  notochord,  ib.  This  part  extends  farther 
forward  than  the  cranial  end  of  the  neural  canal,  indicating  the 
non-developement  of  the  pro8encephah)n  and  corresponding  part 
of  the  cranial  cavity.  In  tact,  tlicrc  is  uu  ganglionic  cerebral 
expansion  whatever  in  this  vennilunu  fi»h :  tlie  epenccphaion  or 
medulla  oljluji*i;aia  is  iinlicated  by  the  oriij^iii  of  the  trigeminal 
nerve,  ih.  ah,  in  advance  of  which  the  mesencephalic  segnieiit  sends 
oft  the  short  optic  nerve  to  the  dark  ocellus,  op,  and  there  terminates, 
somewhat  obtusely,  beneath  what  Dr.  Kolliiler^  has  described 
as  a  ciliated  olfactory  capsule,  ib.  oL  The  cranium  of  the  Lancelet, 
therefore,  may  be  said  to  be  composed  of  the  notochord  and  its 
membranous  capsule,  without  the  superaddition  of  cartilaginous 
or  osseous  coverings.  But,  as  an  appendage  to  the  skull,  may  be 
described  the  jointed,  cartilaginous,  haemal  arch,  ib.  A,  which 
extends  fiom  below  the  cranial  end  of  the  chorda  dorsalis,  down- 
ward and  backward  on  each  side  of  the  orifice  of  the  pharynx ; 
this  represents  the  labial  arch  of  higher  Myxinoids,  and  supports 
several  j)airs  of  the  jointed  skMuU  r  oral  filaments.  It  is  the  sole 
chondriiied  part  of  the  skeleton  in  the  Brain  hin.slnina. 

The  cartilaginous  tissue  is  .superinduced  upon  the  fibrous  brain- 
sac  in  osseous  fishes,  in  the  following  manner.  The  notochord 
advances  as  far  as  the  pituitary  sac,  or  *  hyjwphysis  cerebri,'  where 
it  terminates  in  a  point ;  curtilage  is  developed  on'  each  side, 
fimntng  a  thick  '  ocdpito-sphenoidal ' '  mass,  which  extends  out- 
ward, and  forms  the  earball  or  acoustic  capsule.  The  cartilage 
rises  a  littie  way  upon  the  lateral  walls  of  the  cranium,  and  is 
there  insensibly  lost  in  tiie  primitive  cranial  membrane.   At  tiie 

•  CLXXX.  p.  320.  *  XXXII.  p.  32. 

'  Plaque  nuchnUf  Yogt ;  KnUcheme  basis  cranii,  Mullcr,  xxi. 


Digitized  by  Coogle 


72 


ANATOMY  OF  VERTEBRATES. 


cud  of  the  notocliord  the  basal  cartilap:es,  (le^  ^l(l|lC(l  in  continua- 
tions of  its  capsule,  diverge,  surround  the  pituitary  vesicle,  and 
meet  in  front  of  it,  fonuiug  tlic  '  sphenoidal  arches/  ^  which  join, 
or  expand  into  the  *  vomerine  plate.'  * 

The  immature  Lamprey,  called  Sand-lance  (^Ammoecetex\  retains 
a  like  condition  of  the  skull,  fig.  58,  to  the  second  or  third  year. 
The  occipital  cartilages  extend  from  the  sides  of  the  pointed  end 
of  the  notochord,  ib«  ch^  and  ex])and  into  the  acoustic 
^       capsules,  ib.  ts:  the  sphenoidal  arches,  ib.  6,  encom- 
pass the  pituitary  or  hyjwphysial  space,       now  closed 
by  a  nieiubrano-carlilaginous  plate,  and  unite  anteriorly 
to  lonn  a  small  vomerine  plate,  ib.  la,  in  front  of 
which  i&  the  single  undivided  nasal  capsule,  ib.  19. 
The  now  ex|mnded  cerebral  end  of  the  neural  canal, 
fig.  59,  71,  is  still  defended  by  librous  membrane  only  ; 

 i^gjj^y    biit      divided  from  the  vomerine  plate,  ib.  13,  by  a 

Ammoctu,'   backward  extension  of  the  nasal  sac.  ib.  19,  to  the 

MaUer 

pituitary  yesicle. 
In  the  Myxme  the  acoustic  capsules  are  approximated  at  the 
base  of  the  skull ;  the  sphenoidal  arches  are  longer,  and  unite  with 
the  palatine  plate  and  arches,  from  wHch  are  sent  oiF  the  labial 

cartili^^inous  processes  supporting  the  buccal  tentacles  homologous 

with  tho&e  iu  the  Lancelet.   In  the  long  hypophysial  intersjjace  of 

the  sphenoidal  arches  a  more  or  less  finn 
cartilaginous  |)late  is  developed,  from  which 
a  slender  median  process  is  continued  lor- 
ward  to  the  vomerine  or  palatine  plate, 
which  supports  the  nasal  capsule ;  anothei- 
side  view  of^i|^u^iiiiiioc«t«.    procCBs  cxtcuds  backward  to  the  occipital 

cartilage.  Other  processes  are  also  sent, 
off  from  the  sides,  which  form  a  complex  system  of  peculiarly 
Myxinoid  cartilages.* 

In  the  mature  Lamprey  (Petromt/zon),  fig.  60,  ihe  occipita][ 
cartilacre  is  continued  backward,  in  the  form  of  two  slender 
processes,  c,  upon  the  under  part  ol  tlie  notochord,  chy  into  thc! 
cer\  i<  al  region.  The  hypophysial  spare,  hi/,  in  front  of  t\u 
occij)ital  cartilage,  remains  permanently  ojien,  but  has  l)ceQ  con- 
verted into  the  posterior  aperture  of  the  ua,so-palatine  canal.  The 
sj)henoidal  arches,  5,  are  very  short,  approximated  towards  the 
middle  line;  and  the  vomerine  cartilage,  is,  is  brought  bade 
closer  to  the  sphenoidal  arches.    Two  cartilaginous  arches,  u, 

•  An.scs  latfraleM,  \o\i\.  ;  Fliitjel  jorsiiUc  basis  c/auii^  Mulier. 
»  Plaqiiefaciale,  Vugt ;  CknmenphUe^  Huller.  •  xxf. 
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circumscribe  elliptical  8j)aces  outside  the  i)resphenoicl  plate :  these 
appear  to  represent  the  pterygoid  arches,  f\rr.  61,  i,  but,  as  in  the 
enihryo  ot'hiirher  fisho>,  are  not  separated  from  the  base  of  the  skull 
by  distinct  joints.  The  basal  cartilages,  after  forming 
the  ear-capsules,  ib.  extend  upon  the  sides  of  the  cmr 
mum,  ib.  h,  arch  over  its  back  part^  and  leave  only  its 
nj^r  and  middle  part  membxanoufl,  as  in  the  human 
embryo  when  ossification  of  the  cranium  commences. 
The  ciaiunm  is  continued  below  the  ol&ctory  capsule, 
ib.  into  the  *  rostral  plate/  /.  Behind  the  ])terygoid 
archy  i,  the  process  representing  the  stylo-hyal,  ib.  t', 
f ,  passes  down,  and  expands  to  giye  attachment  to 
the  muscles  of  the  tongue ;  the  *  basihyal '  supports, 
by  its  forward  *  {ilossohval '  extension,  the  larj^e  den- 
tigerous  tongue,  and  by  its  backward  '  urohyal '  growth,  s,  adds  to 
the  surface  of  insertion  of  the  muscles.  The  cartihifre  descendinir 
from  the  side  of  the  fore  part  of  tlie  cranium  to  join  the  pterygoid 
arch,  if  may  represent  a  *  tympanic '  pedicle :  it  mainly  supports, 
as  in  the  Sturgeon,  fig..62,  98,  and  Shark,  the  membrane,  fig.  61 , 
and  cartilages,  forming  the  roof  and  margin  of  the  mouth ;  in  which 
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II  may  be  compared  to  the  '  palatine,'  and  o  to  the  maxillary,  while 
p  seems  to  be  a  special  labial  cartilage  in  this  suctorial  fish :  q  andr 
are  processes  for  the  muscles  working  this  peculiar  .apparatus; 
and  in  addition  to  these  is  the  cartilaginous  basket  before  de- 
scribed, fig.  24,  45,  which  supports  the  modified  and  perforated 
homologue  of  the  large  respiratory  pharynx,  fig.  23,  a,  in  the 
JJranchiostonie. 

Thus,  in  the  Dennopterous  fishes,  the  developement  of  the  skull 
is  arretted  at  more  or  less  early  embryonic  stages ;  whence  it 
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proceeds  in  a  special  direction,  to  stamp  the  species  with  its  own 
distinctive  and  peculiar  character :  in  the  BraiK  hlostoma  hy  the 
articulated  cartila«rin()us  labial  arch  and  its  lunnorous  filanuMit.'-  ; 
and  in  the  proper  Myxinoids  and  Lani})reys  by  the  lormation  of 
the  complex  system  of  lateral  and  labial  cartilages ;  or  by  the 
modification  of  the  palatine,  maxillary,  and  hyoid  rudiments,  in 
relation  to  the  auctorial  function  of  the  mouth. 

In  the  Sturgeon  {Acipenser)  fig.  62,  the  growth  of  cartilage  has 
inclosed  the  whole  of  the  biain-case,  and  blended  with  its 
walls  the  ear-capsules :  in  adyance  of  this  it  developes  protectiye 
cavities  for  the  now  well-developed  eyes  and  double  nasal  sacs :  the 
orbit,  I,  being  divided  firom  the  nostril,  k,  by  the  ridge,  2,  and 
both  supported  by  a  *  vomerine '  basis,  r/" :  beyond  which  the 
craniuui  is  continued  forward  as  a  long  pointed  rostrum.  'J  lie 
cartilaginous  pedicle  suspending  the  palato-niaxillary  apparatus  \& 
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divided  into  three  j>ieces;  ibo  {'j)itynipanio,  ib.  ?;/,  the  niesotym- 
panic,  ib.  and  tlio  byj)otynipanic,  ib.  26.  The  hitter  supports 
the  palatine  vault,  20,  with  which  the  pterygoids,  se,  are  confluent; 
the  maxillary,  21,  the  premaxillary  bone,  M,  the  labial  cartilage, 
74,  and  the  mandible,  S2.  All  these  parts  of  the  edentulous 
suctorial  mouth  are  very  small  in  proportion  to  the  size  of  the 
head  and  entire  fish;  and  they  are  the  only  ossified  parts  of 
the  endoskeleton.  The  premaxillary  is  a  subtriangular  plate, 
joined  by  ligament  to  its  feUow,  trenchant  anteriorly,  and 
extending  in  an  ardied  form  to  the  mandible.  The  maiHlii)lo,  32, 
articulates  by  a  concavity  to  the  pterygoid  and  j)remaxilhiry,  and 
consists  of  a  single  piece,  united  to  its  fellow  by  a  ligamentous 
synijihysis. 

Tlie  nioutli  of  the  Sturrrcon  opens  upon  the  under  surface 
of  the  head,  and  is  protruded  and  retracted  chiefly  by  the  move- 
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mcnts  of  the  tjmpaiiic  pedicle,  which  swmgs,  like  a  pendulum, 
from  its  point  of  suspension  to  the  post-orbital  process,  fig,  29, 
The  hyoid  arch  ig  also  amaU  and  simple  in  the  Sturgeon.  The 
epi-hyal  is  short,  and  attached  to  near  the  upper  end  of  the  hjpo- 
ty 111 [)amc.  The  cefato-hyal,  fig.  62,  40,  of  thrice  the  length,  Is 
expanded  above,  and  is  attached  by  ligament  exteniHng  from  that 
part  to  near  the  joint  of  the  lower  jaw.  The  basi-hyal  is  a  short 
subcubical  piece :  it  gives  attachment  anteriorly  to  ccratu-h}  iiL, 
and  ]>o^tcriorly  to  the  anterior  badi^brauchiul  and  hypo-branchial 
cartilages. 

The  three  llrsr  Ijranchial  arches  coiiisist  of  bypo-branfliinlfj, 
progreiJSsively  decreaiiing  in  size,  of  cerato-brancliials,  epi-bran- 
chials,  and  pharyngo-brajichlals :  the  fourth  arch  consists  of 
cerato-braneliials  and  epi-branchials :  the  fifth  arch  of  cerato- 
branchials  <  i  ly.  The  branchial  cavity  is  dosed  by  an  opercular 
dermal  scale^  S5,  supported  by  the  expanded  tympanic  cartilage, 
171,  fig.  62. 

The  cartilaginoas  representatiye  of  the  par-occipital  projects 
backward  from  eadi  angle  of  the  occiput.  A  triangular  supra^ 
scapular  cartilage,  fig.  62,  50,  has  the  angles  of  its  base  slightly 
produced,  one  being  articulated  to  the  end  of  the  par-4>ccipital, 
the  other  to  the  ex-occipital  region.  To  the  apex  is  attached 
the  scapulo-coracoid  arch,  ib.  5i,  r>-.>.  The  coracoid  cartilage 
expand;^  as  it  descends,  sends  in  ward  and  I'orward  a  l)r(>ad 
wedge-shaped  plate,  and  presoni,^  a  large  perforation  at  its  thick 
posterior  part,  answering  probably  to  the  ]>erforated  ulna  of 
osseous  Fishes,  here  confluent  with  the  areh.  The  pectoral  fin 
ih  articulated  to  the  under  part  of  this  perforated  projection :  the 
coracoid  terminates  by  a  broad  thin  plate  beneath  the  pericardium, 
where  it  is  joined  by  strong  aponeurosis  to  that  of  the  opposite 
coracoid. 

Special  developement  proceeds  further  in  the  skull  of  the 
singular  Adpenseroid,  called  *  paddle-fish'  {Fianirostra  Spatula). 
It  is  remarkable  for  the  rostral  prolongation  oi  the  m&ssH  and 
vomerine  bones,  the  rostrum  being  flattened  horizontally  and 
expanded  like  the  mandibles  of  a  SpoonbilL  The  sides  of  the 
rostrum  are  str^gthened  by  a  reticulate  disposition  of  bony 
matter  in  the  form  of  stars,  the  rays  of  which  anastomose.  The 
upper  part  of  the  eiauiiiin  is  less  perfectly  chondrified  than  in 
the  Sturgeon.  There  is  a  lonir  vacuity  l)ctween  the  frontal, 
parietal,  j»ostfrontal  and  mastoid  bones:  the  tympanic  pedicle  is  a 
simple  elongated  piece  of  bone  expanded  at  both  ends.  The 
mandibuiar  and  hyoidean  arches  are  suspended  by  a  short  cartilage 
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to  the  end  of  ihc  tympanic  bone  :  the  palatines  arc  extremely  small. 
Tlie  premaxillary  and  maxillary  bones  seem  to  have  eoaleseed  ; 
tlx  \  exjmnd  a»  they  exte  nd  l)ack\varfl  to  become  attached  to  the 
cartilage  pupportini;  the  iiKiiKiibular  arch.  The  slij^htly  ossiticd 
pterygoids  run  parallel  with  them  along  the  inner  sides  to  the  same 
part.  The  articular  and  dentary  pieces  of  the  lower  jaw  have  coa- 
lesced, but  there  is  a  trace  of  a  slender  splenial  piece  on  the  inner 
side  of  the  mandible.  All  the  bones  of  the  mouth  are  edentulous^ 
but  the  membrane  coTering  the  extremities  of  the  upper  and 
lower  jaw  is  roughened  by  extremely  minute  denticles  in  the 
recent  fish.  The  ceratohyals  are  partially  ossified :  the  rest  of 
the  hyoidean  arch  is  cartilaginous.  A  branchiostegal  appendage 
in  the  form  of  an  irrejarular  elonrr.ited  flattened  bone,  resolved 
posteriorly  into  osseous  fibres,  exicnd:>  from  each  side  of  the 
commencement  of  the  hyulilean  arch.  A  similar  but  larprer  oper- 
cular appendnfje  extends  backward  from  the  extremity  of  the 
tympanic  pedicle. 

§  27.  Skull  of  Plaf/iostomL^The  more  or  less  cartilaginous  skull 
of  the  Plagiostomous  fishes  might  be  histologically  regarded  as  the 
transitional  step  from  the  Cycl(»stomou8to  the  Osseous  fishes;  but, 
morpholo^callyt  it  offers  a  different,  apparently  simpler  type ;  and 
one  which,  through  the  progress  of  developement  in  the  direct 
yertebrate  route,  more  nearly  approximates  to  the  cranial  organi- 
sation in  the  Batrachia.  The  Monk-fish  {SquaHnoy — an  interme- 
diate form  between  the  Sharks  and  Rays,)  affords  a  good  and  typical 
example  of  the  essential  characters  of  the  plagiostonu  u-  ,-kull. 
The  cranial  end  of  the  notochord  and  its  c:i])sule  are  couverted 
into  iinii  granular  cartilage ;  extending  forward  so  ns  to  constitute 
ail  oblong  flattened  plate  forming  the  whole  basis  eranii.  The 
posterior  margin  of  this  *  occipito-sphenoidal'  plate  .supports  two 
convex  condyles,  for  articulation  with  the  body  and  parapophyses 
of  the  axis.  The  body  of  the  atlas  has  coalesced  with  the  basi- 
occipital,  as  is  indicated  by  its  slender  but  separate  neural  arch. 
The  lateral  margins  of  the  basal  cartilage  have  two  notches,  the 
intervening  prominence  representing  the  primitive  sphenoidal 
aich,  here  filled  up  and  sending  off  a  mdimental  pterygoid  process 
outwards.  Just  anterior  to  the  median  ridge  there  is  a  small 
fossa,  (in  the  young  Sqnatina  a  foramen,)  the  last  trace  of  the 
pituitary  canal  :  the  basal  cartilage  then  expands  to  form  the 
lower  border  of  the  *j:;roove  which  receives  the  palatine  pruceso  or 
point  of  suspcnsiou  of  the  palnto-maxillary  arch,  in  front  of  which 
it  contracts  to  form  the  vomerine  base  of  the  cranium.  The  crsr- 
nial  cavity  is  not  moulded  on  the  brain,  but  is  of  larger  size ;  it 
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coinuiuiiu  aies  by  iiiLiins  of  the  nervous  and  vaaciilar  loraniina 
wi  til  the  acoustic  chamber  in  tbe  thick  lateral  wall:  this  insulation 
of  the  labyrinth  is  common  to  iho  Plagiostomes.  Tlie  rrnnial 
cavitv  is  clu^e(i  1)\  iiu'mbmnc  anteriorly.  The  foramina  tor  the 
fifth  pair  of  nerves  mark  tlic  '  alisphcnoidar  jx^rtion  of  the  endo- 
eartilage  :  those  for  the  optic  nerves  the  '  orbitosphenoidal'  part : 
the  '  prefrontal'  portion  is  marked  by  the  olfactory  fbmnuxui,  and 
their  articolation  with  the  palatine  part  of  the  maxillary  arch. 

The  exterior  of  the  skull  is  variously  and  singiilarly  modified  in 
different  Sharks  and  Bays,  the  deyelopement  proceeding  from  the 
advanced  eartilaginoiu  stage  just  described,  to  establish  peculiar 
plagiostomous  characters,  and  to  adapt  the  individual  to  its  special 
sphere  of  existence. 

The  same  general  confluence  of  cartilage,  which  pervades  the 
protectin<jr  walls  of  the  brain-case,  characterises  the  appended 
arehes  ot"  the  cranium.  A  single  strong  suspensory  pedicle,  fig. 
30,  r,  articulated  to  the  side  of  the  skull  beneath  the  posterior 
an^rulai*  (mastoid )  process^  has  tlie  liyoidean,  and  partly  the  man- 
dibular,^ arches  attached  to  its  lower  end,  the  former,  by  a  close 
joint,  the  latter  by  two  li<j:aments.  Tlie  maxillary  arch,  in  Sfjua- 
tma,  is  suspended  by  a  ligament  from  its  ascending  or  palatal 
process,  to  the  notch  between  the  vomerine  and  the  anterior 
supracranial  cartilaginous  plate.  From  this  point  the  jaw  is  con- 
tinned  in  one  direction  forward  and  inward,  completing  the  arch, 
ib.  e,  by  meeting  its  fellow,  to  which  it  has  a  close  ligamentous 
junction ;  and  in  the  opposite  direction,  backward  and  outward,  as 
a  coalesced  diverging  appendage  to  the  outer  side  of  the  tympanic 
pedicle,  where  it  forms  the  more  immediate  articulation  for  the 
lower  jaw,  like  the  hypotympanic  continuation  of  the  upper 
maxillary  bone  in  the  Batrachia,  H^r,  71,  e.  Each  lateral  half  or 
ramus  of  the  mandible,  fig.  30,  d,  consists  of  a  single  cartilage, 
the  two  being  united  together  at  the  symphysis  by  ligament. 

Two  blender  labial  cartilages,  ib.  /,  are  developed  on  each 
side  the  maxillary,  and  one,  rj,  on  each  side  the  mandibular 
arch ;  which  complete  the  sides  of  the  mouth.  Tliese  cartihiges 
Cuvier  regarded  as  rudiments,  respectively,  ol  the  maxillary 
and  dentary  bones,  the  dentigerous  maxillary  arch  as  the  palatine 
bones,  and  the  mandibular  arch  as  the  articular  piece  of  the 
lower  jaw :  but  both  palatines  and  articulars  co-exist  with 
labial  cartilages,  like  those  of  Sqnatina,  in  a  Brazilian  Torpedo 

'  Throughout  this  work  the  term  'mandible '  is  applied  to  the  lower  jaw,  and  the 
inrertcd  cranial  arch  which  that  jaw  completes  i3  called  'mandibular:'  the  arch 
formed  by  lii^  upper  jaw  is  called  'maxillary.' 
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{N(frrhir)y  and  at   the  same  time  with  distbet  pterygoid 

cartilages.* 

Four  or  five  short  cartilaLnnoiis  rays  diverge  from  tlic  posterior 
margin  of  the  tyniiuinic  pedicle,  ib.  t\  and  support  a  membrane 
answering  to  the  opercular  flaj)  in  Osseous  fishes:  in  their  ultimate 
homology  these  rays  ai-e  the  skeleton  of  the  diverging  appendage 
or  limb  of  the  tympano-mandibular  arch. 

The  hyoid  arch  in  Squatinaf  as  in  most  other  Plagiostomes, 
consists  of  two  long  and  strong  cerato-hyals,  and  a  median  flat- 
tened  symmetrical  piece, 
the  basi-hyaL    Six  short 
cartilaginous  rays  extend 
outwards  from  the  back 
part  of  iheoomua,  suppcnrt- 
ing  the  outer  membranotis 
wall  of  the  l>ranchial  sac : 
these  answer  to  the  bran- 
chiostegal  rays  in  osseous 
fishes,  and  supix)rt  the  di- 
verging appendage  or  limb 
of  the  hvoidean  arch.  But 
the  fold  of  integument  in 
which  they  project  is  not 
liberated,  and  is  eontinuouB 
with  that  supported  by  the 
opercular  rays  from  the 
tympanic   pedicle.  Five 
branchial  arches,  fig.  30, 
I,  t?,  n,  4,  /),  succeed  the 
hvoidean  :    l)ut    arc  sus- 
pended,  as  in  the  Lam- 
prey, from  the  sides  of  the 
anterior  vertebra}   of  the 
trunk.    In  the  Searhound 
{Scymntu  ftci^ui),fig.  63,  the 
ceratobranchialB,  /,  /,  and 
basibrandiials,  e,   ^,  are 
shown,  with   the  frame- 
work of  the  gills, /7,  I.  Be- 
hind these  arches  is  the  sca- 
pulo-coracoid  arc,  52,  united  by  cartilaginous  confiuence  at  the 
mid-line,  not  by  ligament  as  in  the  Sturgeon. 

>  zzt.  1835,  pi.  T.  figs.  8  ft  4.  It  may  be  qaestioBed  whether  the  diUwhed  pUte, 
called  pidatine  by  Dr.  Heole,  be  not  nther  the  eDtopterygoid. 
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Tlie  CeHraeim^  so  intereBting  from  its  early  introduction  into 
the  seas  of  this  planet,  is  not  so  &r  advanced  in  cranial  de- 
yelopement  as  is  the  more  modem  Squattmi.  In  the  existing 
species  of  the  Australian  seas  {Ceitraeim  FhiUipi),  the  cartilagi- 
nous basioccipital  retains  a  deep  conical  excavation,  lulaittcil  to  a 
corresponding  one  in  the  atlas,  which  cavity  is  consolidated  hy 
cartilage  \\\  the  Sfjnaf/'na;  the  or\<s'\m\  place  of  the  extended  ante- 
rior end  of  the  chorda,  alon^  tlie  mid  dlf*  of  the  posterior  half  of 
the  hasicranial  cartilage,  continue.-^  mcinbranon*?,  and  the  pitui- 
tary perforation  is  peruiauently  closed  by  membrane  only ;  the 
iuisal  cartilage  expands  anterior  to  this^  and  comes  into  close 
q>nnection  with  the  maxillary  arch,  and  is  thence  continued 
ibrward,  contracting  to  a  point  between  the  nasal  capsules,  which 
meet  at  the  middle  line  above  the  symphysis  of  the  upper  jaw. 
The  proper  cranial  cartilage  is  thinner  than  in  the  Squatina; 
the  anterior  or  pineal  fontanelle  forms  an  extended  membranous 
tract  on  the  upper  part  of  the  cranium ;  the  vertical  ridges,  which 
rise  firom  the  sides  of  this  tract,  extend  forward  and  outward  to 
support  the  nasal  sacs,  and  are  continued  backward,  interrupted 
by  a  notch  filled  by  membrane,  to  the  posterior  angular  processes, 
which  overhang  the  joint  of  tlic  maxillo-liyoidcaii  j)edicle.  The 
maxillary  ami  iiiaiidil)iilar  arches  are  as  simple  as  in  Squatina^ 
but  much  stronger,  since  they  support  a  sericr*  of  massive  grinding 
teeth,  iisj  well  as  |)oiiited  ones,  or  laniaries.  The  rami  of  the  lower 
jaw  are  confluent  at  the  symphysis. 

The  Skates  and  Kays  have  the  skull  movably  articulated,  as  in 
Squaiina,  by  two  basilar  condyles  and  an  intervening  space,  to 
the  axis.  The  skull  is  flat  and  broad  ;  the  upper  wall  mem- 
branous for  a  greater  or  less  extent,  fig.  64,  except  in  Narcine, 
where  it  is  closed  by  cartilage.  The  anterior  or  vomerine  part 
forms  a  long  pyramidal  rostrum,  to  which  are  usually  articulated 
cartilages  connecting  its  extremities  with  the  anterior  angles  of 
the  enormously  developed  pectoral  fin,  ih.  12:  in  the  space 
between  the  skull  and  tiiose  fins,  the  Torpedo  carries  its  electric 
batteries.  The  tympanic  pedicles,  are  short  and  thick ;  the 
maxillary  and  mandibular  aiclies  lonir  and  wide,  stretching  trans- 
versely acrui^s  the  under  part  of  tlu-  head. 

Id  the  ordinary  Sharks  the  forward  prolongation  ot*  the  ci'anial 
caATty  «i;ivcs  a  quite  ari1<  l  i  i"  yto^ition,  and  almost  vertical  plane, 
to  the  fontanelle:  three  columnar  roatial  cartilages  are  produced, 
two  from  above,  and  one  from  between  the  uami  cavities,  which 
processes  converge  and  coalesce  to  form  the  framework  of  a  kind  of 
cut-water^  at  the  fore-part  of  the  skulL   In  the  place  of  articular 
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condyles^  prooesses  extend  backward  from  each  side  of  the  ooci^ 
pital  foramen  and  dasp,  as  it  were>  the  bodies  of  three  or  foxxr 
anterior  vertebne  of  the  trunk.  The  pterygoidean  arches  extend 
outvrardy  in  Ckercharioi^  from  the  base  of  the  cranium,  but,  as  in 
embryo  osseous  fishes,  are  confluent  therewith  at  both  ends.  The 
maxillary  arch,  suspended  near  its  closed  anterior  extremity  to 


64 


Skate  (Aitatatte) 


the  vomerine  part  of  the  ])ase  of  tlic  skull,  is  thence  extended 
backward  to  the  articulation  of  the  lower  jaw.  A  simple  carti- 
laginous pedicle  forms  the  upj)er  part  (pleurapophysis)  of  the 
mandibular  arch,  which  is  completed  below  by  the  lower  jaw  .  A 
few  cartilaginous  rays  diverge  outward  and  backward  from  the 
pedicle,  and  support  a  small  opercular  flap  or  fln.    The  hyoid 
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arch  oonriats  of  a  bftsihjoid  and  two  simple  eeratohjoid  carti- 
lages ;  the  stjlohyal  is  ligamentonsy  as  in  the  Sguaiina,  Short 
cartilaginous  rays  diverge  from  the  ceratohyal  to  support  the 
branchiostegal  membrane,  or  hyoid  fin.  The  scapular  arch, 
which  we  shall  find  normally  articulated  with  the  occiput  in 
osseous  fishes,  is  attached  thereto,  at  a  little  distance  behind  the 
head,  by  ligament  and  muscles  in  the  Sharks,  fig.  30,  5i  :  from 
this  arch,  also,  cartilaginous  rays,  ib.  A,  /,  immediately  diverge  for 
the  support  of  a  radiated  appendage  or  £ii — the  homotype  oi'  the 
tympanic  or  opercular  fin. 

The  capsules  of  the  special  organs  of  sense  are  all  cartilaginous: 
that  of  the  ear  is  involved  in  the  lateral 
walls  of  the  cranium ;  that  of  the  eye  is 
articulated  by  a  cartilaginous  pedicle  with 
the  orbit ;  and  that  of  tie  nose^  figs.  30  and 
63,  h.  Is  overarched  by  the  nasal  [)roce8ses 
of  the  ^nenmial  cartilage,  ib.  a,  and  is 
completed  below  by  membrane.  At  the 
summit  of  the  occiput  in  Ctircharias  and 
some  other  sharks  mav  be  seen  two  closely 
approximated  oval  *  fenestra?,'  which  lead 
to  the  acoustic  labyrinth,  and  are  covered 
by  .'-kin  in  the  recent  fish. 

Amongst  the  stranger  forms  in  wliich 
special  developemcnt  radiates,  in  diverging 
from  that  stage  of  the  common  vertebrate 
route  attained  by  the  Plagiostomes,  may 
be  noticed  the  lateral  transverse  elonga- 
tions of  the  orbital  processes,  supporting 
the  eyebaUs  at  their  extremity,  and  giv- 
ing the  peculiar  form  to  the  skull  of 
oertun  Sharks,  thence  called  'Hamm^ 
headed*  {Zygoma).  In  the  'Saw-fish' 
(Prvstis),  the  rostrum,  fig.  65,  is  produced 
into  a  long,  flat,  plate,  having  a  row  of 
tooth-like  bodies  unj)lantcd  in  sockets  along 
each  mar;^in.  The  walls  of  these  sockets 
and  the  midpart  of  the  rostrum  are  ossified. 
The  proper  jaws  and  teeth  «  have  the  usual  inferior  position  in  the 
Sharks.  In  the  Eagle-ray  {Myliohates)  a  cartilage  is  attached  to 
the  anterior  prolonged  angle  of  the  great  ])ectoral  fin,  and  con- 
nects it  with  the  fore  part  of  the  cranial  (intemasal)  cartilage; 
it  supports  a  number  of  branched  and  jointed  cartilaginous  rays. 
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which  project  forward,  and  are  connected  at  the  middle  line 
with  a  like  series  from  the  opjuiriite  side  of  the  head;  they  may 
be  regarded  a8  ])artial  disniemhennents  of  the  great  pectorals : 
and  in  Rhinoptera  Braziliensis  their  supporting  cartilage  is 
directly  continued  from  that  of  the  pectoral  fins,  though  it  is 
closely  attached  to  the  fore  part  of  the  head*  These  form  what 
Muller  has  termed  'cranial  fins;'  but  the  parts  more  properlj 
meriting  that  name  are  the  operciikr  and  branchiost^al  appen- 
dages of  the  tympanic  and  hyoidean  arches. 

§  28.  Skull  of  PratopterL — Thus  &r  we  haye  seen  that  the  base 
of  the  skull  IS  first  formed  by  ihe  anterior  prolongation  of  the 
notochord  and  the  expansion  therefrom  of  its  capsule;  and  that  the 
cranial  cavity  results  from  the  extension  of  the  outer  layer  of  that 
membrane  over  the  anterior  end  of  the  nervous  axis.  We  saw 
next  the  superaddition  of  special  capsules  for  the  organs  of  son-^e  : 
nnd  the  cartilaginous  tissue  developed  in  the  notochordal  shcatii 
at  the  base  and  sides  of  the  cranium,  according  to  a  pattern 
common  to  the  lowest  and  to  the  embryos  of  the  higher  vertebrata. 
We  saw  the  cartilaginous  tissue  acquiring  a  firmer  texture,  hard- 
ened by  superficial  osseous  grains,  or  tessene,  mounting  higher 
upon  the  lateral  and  upper  walls  of  the  cranium,  and  at  length 
entirely  defending  it :  and  we  ihen  also  recognised  the  maxillary, 
mandibular,  and  hyoidean  arches,  established  in  a  firm  cartilaginous 
material,  and  on  a  recognisable  ichthyic  type. 

We  have  now  to  trace  the  course  and  the  forms  under  which 
the  osscoiivS  material  is  superadded  to,  or  substituted  for,  the 
primitive  cartilaginous  material  of  the  skidl ;  and  the  remarkable 
Lepidosiren,  whose  organisation  was  first  made  known  as  in  the 
generic  form  called  ProtopteruSy^  offers  a  transitional  -trp,  in  the 
shape  and  structure  of  its  skull,  between  the  gristly  aud  the  bony 
cold-blooded  vertebrates. 

In  the  Lepidosiren,  OBsificadon  of  the  cranial  end  of  the  noto- 
chord extends  along  the  under  and  lateral  part  of  its  sheath, 
backward  to  beneatib  the  atlas,  fig.  41,  t,  the  posterior  slightly 
expanded  end  of  this  ossified  part  supporting,  as  in  Squaimoy 
the  neurapophyses  of  the  atlas,  fig.  66,  tz,  the  bases  of  which 
expand  and  meet  aboire  the  notochord  and  below  the  spinal 
canal.  Ossification  of  the  notochordal  sheath  commencing  at 
its  under  part,  ilj.  h,  ascends  upon  the  sides  of  the  notochord  as 
it  advances  forward,  and  encloses  it  above,  where  it  su|)ports  the 
medulla  oblongata,  and  the  lateral  bony  plates  (neurapophyses) 
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called  exoccipitaU,  ib.  2 ;  leaving  bebind  ft  wide  oblique  conca^ 
viry  lodging  the  anterior  unossified  end  of  the 
Dotochord,  which  does  not  extend  furtlier  upon  the 
basis  cranii.  The  exoccipitals,  ib.  2,  2,  expand  as 
they  ascend  and  oonverGfe  to  meet  above  the  *  fora- 
men magnum'  which  they  complete.  A  small  mass 
of  cartilafice  connects  their  upper  ends  with  each  ^taiuTmom, 
other,  and  with  the  overhanging  backwardly  pro- 
jectiiig  pcnnt  of  tilie  frontoccipital  spine,  ib.  a*  This  cartilla- 
ginoiu  maaa  answers  to  the  biue  of  the  superoocipital  in  better 
ossified  fishes :  »  sinular  cardhige  connects  the  escoccipitals  with 
the  occipital  spine  in  the  Tetrodtnu 

We  dearly  peroeive  in  the  Lepidosiien  that  OBsification,  ad* 
TMicing  on  the  common  cartilaginous  mould  of  the  piscine  skull, 
has  marke<l  out  the  neurapophyscs  and  centrum  of  the  posterior 
cranial  vertel)ra.  The  occipital  pleurapophyses,  called  *  scapulie,' 
fijj.  41,  51,  appear  as  strong,  bony,  styliform  appendages,  ariicu- 
hited  by  a  synovial  rnji-ule  and  joint,  one  on  eaeli  side,  to  the  ex- 
and  ba-si-occipitais.  To  the  pleurapophyses  are  attached  the  upper 
extremities  of  the  luBmapophyses  (coracoids,  fig.  41,  52)  which 
unite  together  below,  and  thns  complete  the  hasmal  arch  of  the 
oo(a|ntal  yertebra,  here  unusnally  developed  in  relation  to  its 
office  of  protecting  the  heart  and  pericardium.  The  coracoids 
belong  to  the  same  category  of  yertebxal  elements  as  ihe  sternal 
ribs  whidi  protect  the  heart  in  higher  Yertebrata.  The  haemal 
arch  of  the  occipital  yertebra  of  the  Lepidoeiren  supports  a  filiform 
appendage,  ib.  57 ;  it  is  the  key  to  the  homology  of  the  anterior 
or  upper  limbs  of  the  higher  \'ertebrata. 

In  the  second  (parietal)  and  thiid  (frontal j  cranial  vertebra), 
ossification  extends  along  the  basal  and  aloiiLT  the  spinal  elements, 
but  not  into  the  nciir:i[)ophysial  or  lateral  »  I  'nients;  these  remain 
cartilaginous  in  continuation  with  the  cartilage  surrounding  the 
inte  rnal  ear.  The  basal  ossification,  representing  at  its  posterior 
end  the  body  of  the  atlas,  then  the  basioccipital,  expands  as 
it  adyances  along  the  base  of  the  skull  in  the  situation  of  the 
sphenoids,  constituting  the  floor  of  the  cerebral  chamber,  sup- 
porting Ihe  medulla  oblongata,  the  hypophysis,  the  crura  and 
lobes  of  the  cerebrum,  and  terminating  a  little  in  adyance  of  the 
olfiu^ry  lobes  by  a  broad  transyerse  margin,  bounding  a  triangular 
space  led  between  it  and  the  conyerging  palatine  arches,  which 
f?j>acc  is  filled  by  the  i»ersistent  *  vomerine '  cartilage.  The  sides 
of  the  basicranial  ])Uite  Ijend  down  to  abut  against  the  bases  of 
the  pterygoid  plates.    In  this  expansion  of  the  basi»phcuoid  the 
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Lepidoslren  resemblea  the  PlagioBtomeB.  Two  rulges  rise  from  the 

upper  surface  of  the  basioccipito-ephenoidal  plat<;,  near  its  outer 
margin,  and  support  ihc  cartilap^inous  lateral  walls  of  the  cranium. 
The  cranial  cavity  is  defended  above  by  a  hmgitudinal  bony  roof, 
fig.  G7,  11,  nearly  coextensive  with  the  houy  floor  beneath:  the 
roof  commences  behind  by  the  spine  or  point  which  overhangs  the 
exocclpitak,  gradually  expands  as  it  advances,  resting  upon  the 
cartilaginous  walls  of  the  cranium,  is  then  suddenly  contracted,  and 
is  united  anteriorly  by  fibrous  ligament  to  the  ascending  process  of 
the  palato-nuudllary  arch,  20,  and  to  the  base  of  the  naso^^premar- 
illary  plate,  is.  A  strong  sharp  crest  or  spine  rises  from  abore  the 
whole  of  the  middle  line  of  the  cranial  roof-bone,  which  maj  be 
regarded  as  representing  the  mid-&ontal,  the  parietal,  and  super> 
occipital  bones,  or,  in  more  general  terms,  the  neural  spines  of  the 
throe  cranial  vertebne:  but  this  supracranial  bone  not  t>u]y  covers 
the  medulla  oblongata,  cerebellum,  optic  lobes,  pineal  sac,  and 
ccrel)ral  hemispheres,  but  also  the  olfactory  lobes.  The  lateral 
cartihiglnous  walls  of  the  cranium  are  continued  forward  from  the 
acoustic  capsule  between  the  bai^al  and  superior  osseous  plates : 
the  part  perforated  by  the  fifth  pair  of  nerves,  and  protecting 
the  side  of  the  optic  lobes,  represents  the  ^alisphenoid':  the 
next  portion  in  advance,  protecting  the  sides  of  the  cerebral 
hemispheres  and  perforated  by  the  optic  nenre,  answers  to  the 
orbitosphenoid :  and  the  cartila^  terminates  by  a'  prefrontal*  part 
which  is  perforated  by  the  ol&ctory  nerve,  and  which  abuts  laterally 
against  the  ascending  or  palatine  process  of  the  maxillary  arch. 

The  extension  of  tiie  lateral  cartilages  of  the  cranium  forward 
and  downward  to  form  the  articulation  for  the  lower  jaw,  is  lik^j 
that  in  theChinuvra  and  batrac  liian  larva,  lig.  GOa,     but  o?«iifica- 

tiou  has  co-extended  along  two  tracts,  wlii(  h  c^on- 
verge  as  they  (lesccnd,  one,  fig.  41,  28,  from  above 
and  behind  t(^  tlie  outer,  the  other,  ib.  23,  from  before 
to  the  inner,  side  of  the  cartilaginous  mandibular 
jomt,  which  these  bony  plates  strengthen  and  sup- 
'***&SSif^    port  like  the  backs  of  a  book.  The  posterior  of  these 
is  the  tympanic,  the  anterior  one  the  pterygoid, 
which  is  confluent  with  the  palato-maxillary  bone,  the  dentigerous 
part  of  which  extends  outward,  downward,  and  Wkward,  fig.  67, 
SI,  but  does  not  reach,  aa  in  the  Sharks  and  Bays,  the  mandibular 
joint    From  the  upper  part  of  the  palato-maxillary  a  compressed 
sharp  process,  ib.  20,  ascends  obliquely  backwan^l,  and  tei  loiiiates 
in  a  point :  the  inner  side  of  tliis  process  is  closely  attached  by 
ligament  to  the  fore  and  outer  jmrt  of  the  frontal  portion  of  the 
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epicranial  bone,  ib.  ii ;  the  outer  side  of  the  process  is  excavated 
for  the  Inception  of  the  outer  and  anterior  }>rocess  of  the  tiU[)er- 
tciiijjoral  bone.  This  bone,  fi'^.  41,  12,  in  connection  with  the 
ascending  process  of  tlie  maxiJLary,  ib.  20,  forms  the  upper  |)art 
of  the  orbit,  and  behind  tiiis  connection  it  sends  out  tlie  post- 
orbital  j)roccss,  beyond  which  it  extends  ])ackward,  freely  over- 
han^dng  the  Ironto-occipital,  and  gradually  decreasing  to  a  point, 
and  giving  attachment  to  the  anterior  end  of  the  great  dorso-lateral 
mnsdes  of  the  trunk.  This  bone  is  flat  above  like  a  scale,  and 
from  its  enperfidal  position  might  be  classed  with  the  dermal 
skeleton:  the  strong  temporal  muscle  is  attached  to  the  two 
surfaceS)  divided  hy  the  ridge  on  its  inferior  part:  it  is  movable 
ap  and  down  upon  Its  anterior  ligamentous  union.  It  represents 
the  postorhital  and  supratemporal  hones  in  Ganocephala, 

Each  ramus  of  the  lower  jaw  is  composed  of  an  articular,  ib.  99, 
and  a  dentary,  ib.  32,  piece,  the  latter  anchylosed  together  at  the 
sjTnphysis,  and  completing  the  tympano-mandibular  arch.  The 
articular  piece  is  a  simple  slender  plate,  strengthening  the  outer 
part  of  the  articular  concavity  of  the  jaw,  and  closing  the  outer 
groove  of  the  dentary,  along  which  it  is  continued  f(»rward  to  nonr 
the  s\TTiphy!^s,  where  it  ends  in  a  points  The  artiriilar  trochlea  is 
formed  by  the  persistent  cartilage.  The  dcutary  piece  has  the 
notched  and  trenchant  dentinal  plate  anchylosed  to  it,  and  sends 
up  a  strong  coronoid  process.  Serial  homology  guides  in  the 
determination  of  the  special  one  of  the  part  of  the  upper  jaw  to 
which  the  dentaiy  is  opposed.  Behind  the  tympanic  is  the  pre- 
opercular,  %.  41,  34.  The  ceratohyal,  40,  is  suspended  to  the 
petrosal  cartilage  close  behind  the  tympanic  pedicle ;  it  joms  its 
fellow  below  without  the  intervention  of  a  ba&yal :  it  supports  a 
branchiostegal  ray,  37. 

In  the  Ganocephdla  the  head  was  connected  by  lifjament,  as  in 
the  Profopteriy  to  the  vertebral  column  of  the  trunk,  and  chiefly 
by  the  basioccipital  part.  The  temporal  vacuities  were  more 
completely  roofed  over  by  bone,  including  the  postorbital  aud 
superteuijjoral  ossifications. 

§  29.  Skull  of  Batrfichia.—  Tn  modern  memhfr^  of  this  order 
the  ossification  of  the  skull,  like  its  chondriHcation  in  Playiostomi^ 
is  nmplifled,  or  so  continuous  as  to  indicate  but  obscurely  its  essen- 
tially segmental  character:  and  this  condition  will  be  noticed 
before  entering  upon  the  description  of  the  complex  and  instruc- 
tive osteology  of  the  head  in  the  more  specially  developed  and 
divefgent  cold-blooded  Vertebrates,  called  *  bony  fishes.' 

In  Batrachm  the  plagiostomous  articulation  of  the  head  to  tiie 
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trunk  by  a  pair  of  condyles,  fig.  72,  t',  ^,  is  resumed.  The  cliief  steps 
in  the  deveh)penient  of  the  batracliian  skull  will  be  premised  before 
entering  upon  the  various  modifications.    In  the  larva  of  the  frog, 
fig.  42,  the  outer  layer  of  the  notochordal  capsule  expands  at  the 
fore  part  of  that  vertebral  basis  to  enclose  the  brain,  and  its  appen- 
dages, the  sense-organs.    The  cartilage  therein  developed^  fig.  68, 
as  the  head  expands,  forma  an  oocipito-petrosal  masB,  fig.  42, 
16,  including  laterally  the  eaiHsapsules ;  it  bifurcates  anteriorly 
into  the  '  sphenoidal  arches/  which  reunite  in  front  of  an  oblong 
hypoi)hysial  space  to  form  a  broad  prefiwnto-Yomerine  mass.  The 
occipito-petrosal  cartilage  sends  out  on  each  side  a  thick  'masto- 
tympanic'  process,  which  bifurcates;  the  division  directed  for- 
ward and  inward  fig.  42,  2G,  is  the  'pterygoid;'  that  passing 
forward  and  downward  is  the  '  hypotynipanic.'    To  the  back  ])art 
is  attached  the  hvoid  cartilaoje,  ib.  4o:  to  the  end  is  attached  the 
'mandibular'  cartilage,  ib.  30,  fig.  69  a,      also  called  *  Meckcrs 
process.'     The  subsequent  ossification  begins  partly  in  the  carti- 
lage,  partly  in  the  persistent  notochordal  membrane:  the  first 
may  be  called  '  choudrogenous,'  the  second  '  sderogenous '  bones  : 
some  are  disposed  to  regard  the  first  only  as  '  endoskeletal,'  the 
latter  as  ^  exoskeletaL' 

To  the  first  category  belong  the  neurapophyses  of  the  occipnt, 
exoccipitals,  figs.  43  and  68»  2 ;  each  of  which  developes  a  *  zygapo- 

physis  •  or  condyle,  fig.  73,  e,  for  the  atlas,  fig,  43,  a : 
any  petrosal  ossification  upon  the  ear-capsule  is  a 


growth  from  the  exoccipital  and  from  the  alis])he- 
noid,  ib.  6:  the  expanded  disc  of  the  'columella'  or 
*  stapes'  is  a  distinct  ossicle,  between  2  and  25, 
fig.  43 ;  as  is  also  the  '  hypotynipanic'  articulation^ 
ib.  29,  for  the  mandible,  30, 32.  The  neurapophyses 
of  the  third  segment, '  orbitosphenoid^'  figs.  42  and 
of  th.  vuli  Larva  43, 10,  perforatcd  by  the  optic  nerves,  are  ossified 
ufyrugcAu»«)  cartilaginous  bans,  as  are  those  of  the 

fourth  segment  (prefirontals),  figs.  42,  44^  68,  14,  perforated  by 
the  olfactory  nerves;  whilst  those  of  the  second  segment,  'ali* 
sphenoids,'  ib.  6,  perforated  by  the  trigeminal,  longer  remain 
gristly.    All  the  chondrogenous  elements  are  thick  bones. 

From  the  membranous  basis  of  the  skull  are  developed  the 
followinix  bones,  which  are  more  or  less  lamelliform.  The  basi- 
occii)lt()-s})henoidal  plate,  fig.  73,  wi,  forms  the  base  of  the  skull 
from  the  condyles  to  the  vomerine  cartilage.  The  mastotym- 
panic,  fig.  43,  25,  fig.  44,  s,  25,  fig.  68,  8,  extends  from  the 
mastoid-  cartilage^  where  it  is  broadest^  to  the  outside  of  the 
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hypotympanic,  fig.  43,  29.  The  parietalsy  ib.,  44  and  68^  7,  and 
afterwards  the  £rontals,  ib.  ib.,  ii,  progressively  oover  the  *fon- 
tanelle '  above,  as  the  baaioccipito-Bphenoid  coven  the  hypophysial 
vacm^  below.  An  antorbHal  pUite,  fig.  72,  b,  extends  firom  the 
fiontal  to  the  mazilhury.  The  fgemaTillaries,  at  first  beak-shaped, 
figs.  42,  22,  and  69a,  n,  expand  transversely  as  ihe  mouth  widens 
to  form  its  fi>re-part,  fig.  71, 
external  to  the  premaxillary 


n 
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pMidicles  begins  the  ossification  of 
the  turbinals.  The  *  pterygoid 
plate,'  fig.  43,  24,  extends  to  the 
inner  side  of  the  hypotynipanic, 
29,  and  forward  to  the  *  palatine  ' 
bone,  and  the  bifid  dentigerous 
< vomerine'  plate,  fig.  73,  ^  L 
From  the  membrane  covering 
'  Meckel's  cartilsge,'  figs.  69a  and  70,  are  ezdusively  developed 
the  mandibular  elements,  ihe  'angular,'  fig.  43,  so,  and  * dentary,' 
ib.  89,  being  the  chief;  there  is  also  a  'splenial,'  which  in  some 
perennibranchiate  Batrachia  supports  teeth.  As  the  mandible, 
fig.  71  f  d,  lengthens,  the  tympanic,  ib.  e,  shortens  and  becomes 
more  vertical,  and  the  hyoid  arch,  ib.  «,  shifts  its  attachment  to 
the  petrosal,  close  behind,  but  distinct  from,  the  tym|)anic. 

In  the  Lepidusiren  the  ali-  and  orbito-spheuoids  and  the  hypo- 
tympanic  remain  cartihiginous ; 
])remaxillaries  are  rei)resented 
by  their  ascendinj;  or  facial 
parts  coalesced  into  a  single 
plate,  supporting  the  two  pre- 
hensile teeth.  The  postorbito- 
supeirtemporals,  fig.  41,  19,  are 
*  dermal '  or  scleral  bones,  over- 
lapping  the  fronto-parietals. 
They  are  not  present  in  modem  Batrachia. 

In  the  Axolotl  (Axohtes  marmoraiu$\  the  basioccipital  is  repre- 
sented by  the  posterior  part  of  the  common  broad  and  flat  basi- 
cranial  bone.  The  exoccipitals  are  separated  below  by  this  process, 
and  above  by  a  cartilaginous  representative  of  the  superocci])ital, 
Kacli  exoccipital  devclopes  a  small,  almost  flattened  condyle, 
anterior  to  which  it  is  ])erf()rated  by  the  eighth  pair  of  nerves ;  it 
articidates  above  witli  the  ])arictal  and  mastotyrapanic,  and  is 
se{)aratcd  from  the  alisi)henoid  by  the  large  cartilaginous  petrosal, 
to  which  a  small  discoid  representative  of  the  stapes  is  attached. 
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clopinir  the  liomoioffiie  of  the  '  fenestra  ovalis.*  The  basi- 
sphenoidal  portion  of  the  basicrauial  phite  sends  out  an  angular 
process  on  each  side,  which  supports  the  alispheuoid.  The 
surfaces  of  the  alisphenoid  are  directed  forward  and  backward, 
instead  of  from  side  to  side,  and  it  constitutes  chiefly  the  anterior 
parietes  of  the  otocrane;  the  inner  and  anterior  border  is 
notched  by  the  great  trigeminal  nerve.  The  parietals  are  long 
and  broad,  divided  by  the  sagittal  suture,  and  impressed  at  the 
posterior  and  outer  angle  by  the  anterior  attachment  of  the  great 
dorsal  trunk-muscles.  The  maato-tympanic  is  articulated  to  this 
part  of  the  parietal  and  to  the  exoccipital;  it  includes  all  the 
(livisions  of  the  pedicle  save  the  lowest,  *  hypotympanic,'  which 
affunls  the  articulation  to  the  mantlible.  The  orMtosphenoids 
nvc  \  Ided  by  an  tmossified  tract  of  some  extent  from  the  ali- 
spbenoids,  ;uid  articulate  al)ove  with  the  extremity  of  the  ]>arietid, 
the  frontal  anil  prclroutal  bones.  There  are  neither  paroceipltaU 
nor  postfrontiil?.  The  vomerine  portion  of  the  basicranial  plate 
is  cliiefly  cartilaginous.  The  turbinak  are  very  small,  and 
separated'  from  each  other  by  the  junction  of  the  premaxillaries 
with  the  frontals.  The  bone  ext^ding  from  the  frontal  to  the 
maxillary  in  front  of  the  orbit  may  be  termed  'antorbital  ;*  the 
ossification  which  extends  therefrom,  in  higher  Batrachians,  takes 
the  situation  of  the  fiu»al  plate  of  the  prefrontal,  of  tiie  nasal,  and 
of  the  lacrymaL  The  pedicles  ('  apo^jhyse  montante,'  Cuvier,) 
of  the  premaxillaries  are  long  and  narrow.  The  small  maxillary  is 
attached  to  the  antorbital,  to  the  palatine,  and  to  the  prenuuul- 
lary ;  the  end  of  the  bone  extends  freely  backward  as  in  the 
Mcnopome,  fig.  43,  21.  The  alveolar  border  of  both  premaxillaries 
and  raaxillaiies  supports  a  single  row  of  small  espial  ami  -liarp- 
pointed  denticles.  Two  bones  attached  to  the  anterior  ami  niiter 
part  of  the  basicranial  bone,  and  which  may  be  regarded  either  as 
vomerine  or  palatal,  support  each  a  narrow  rasp-like  group  of 
minute  denticles,  which  are  continued  backward  ui)on  tlie  be- 
ginning of  the  pterygoids ;  the  pterygoids  continued  from  these 
bones  and  from  the  sides  of  the  basicranial  bone  expand  as  they 
extend  backward  and  apply  themselves  to  the  inner  side  of  the 
tympanic  pedicle.  The  nasal  meatus  has  its  posterior  termination 
between  the  beginning  of  the  pterygoid  and  the  end  of  the 
maxillary  bones.  Besides  the  ordinary  row  of  denticles  upon  the 
dentary  piece  of  the  lower  jaw,  there  is  a  second  shorter  series 
upon  the  splenial  piece. 

In  theMenobranch  (Menobranchm  lateralis)  the  occijiital  condyles 
are  transversely  oblong,  convex  vcrticaUy,  concave  trausver&cly. 
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deTeloped  firom  the  ezoodpitalB,  which  are  sepanited  ahove  and 
below,  as  in  the  Azolotl :  each  exocoipital  forms  the  posterior  half  of 
the  otocrane»  is  perforated  by  the  nervus  yagus,  and  articulates 
aboye  with  the  parietal  and  roasto-tympanio.  The  hasisphenoid  is 
Tcry  broad  and  flat :  the  alisphenoids  bound  the  fore  part  of  the 
otocranc,  transmit  the  trigeminal  nerve,  and  abut  against  the  tym- 
jKiiiic  pedicle  in  its  conrse  backward  to  the  mastoid.  The  parietals  * 
are  divided  by  the  sagittal  suture  and  develope  a  small  ridge  there 
posteriorly  :  each  parietal  sends  down  a  process  in  front  of  the  ali- 
sphenoid  which  rests  upon  the  pterygoid,  representing  the  so-called 
'  oolumella '  in  Lizards.  There  are  no  maxillary  hones.  The  alveolar 
border  of  the  premaxillaries,  which  support  a  single  row  of  long 
and  slender  teeth,  ten  in  number  in  each  bone,  terminates  in  a 
point  projecting  freely  outward  and  backward.  The  vomero-pala* 
tme  bones  unite  together  anteriorly,  hut  diverge  posteriorly,  where 
they  ^ye  attachment  by  their  outer  margin  to  the  pterygoids. 

The  two  foregoing  are  examples  of  the  Ichthyomorphs  winch 
retain  the  giWs,  and  thence  are  termed  *  perennibranchiate.'  The 
Mcuopome,  figs.  43,  72,  and  73,  represents  a  later  phase  of  larval 
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life,  the  gills  being  absorbed  and  only  the  branchial  slits  re* 
maining.  In  fig.  72,  e  e  are  exoccipitals,  each  developing  a 
condyle ;  c,  parietals ;  ^,  y  mastotympanics ;  h  hypotym|mnic ; 
a,  a,  frontals,  b,  ^,  antorbitals ;  d,  nasals;  n,  orbitosphenoid ; 
k,  kf  prenuudUaries ;  t,  nuudllaries;  f,  f,  pterygoids.  In  fig. 
73,  m  is  the  hasuxsdpito-sphenoidal ;  e,  e,  exocdpitals ;  g, 
mastotympanics ;  A,  A,  hyputympanics ;  /,  /,  pterygoids ;  /,  /, 
vomers ;  A,  A,  premaxillaries. 

In  the  Frog  (Rand)  when  the  metamorphosis  is  complete,  tlie 
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exoccipitals  have  coalesced  with  the  superoccipital  ahore^  and  with 
the  basioccipito-sphenoidal  pkte  below ;  this  latter^  fig.  98  a,  sends 
out  on  each  side  a  process  to  fonn  the  floor  of  the  otocrane,  and  its 

forward  extension  is  long  and  narrow :  the  tympanic  developes  a 
frame  for  the  lar^^e  car-druui,  lig.  44,  N:  the  stapes,  now  colu- 
melliiorm,  stretches  liuia  that  membrane  to  the  foramen  of  the 
labvrinth.  *  Meckel's  cartilage,*  figs.  G9  and  71,  d,  contributes 
nothing  tx>  the  bony  conductor  of  sonorous  vibrations  which 
becomes  subdivided  into  a  chain  of  ossicles  in  MaminnUa,  The 
hypotympauic,  fig.  44,  28,  sends  forward  a  process  to  the  end  of 
the  maxillary,  thus  articulating^  as  in  the  Plagiostomes,  with  both 
upper  and  lower  jaws.  The  essential  or  neurapophysial  parts  of 
the  prefrontals  encompass  the  prosencephalon,  and  coalesce  to 
fonn  a  ring  of  bone,  like  the  exoccipitals :  it  is  the  'os  en 
ceinture '  of  Cuvier,^  part  of  which  appears  at  the  upper  surface 
of  the  cranium,  fig.  44,  i4,  between  the  firontals  and  antorbitals, 
5b.  15,  which  here,  and  still  more  in  the  Toad,  assume  the 
character  oi"  luusals  connate  with  laci)  inaid.  Between  these  and 
the  j)remaxillaries  are  the  small  bony  parti?  of  the  olfactory  sacs, 
usually  described  as  *  nasal  bunts.*  The  url'itul  and  temporal 
fossaj  form  one  wide  common  vacuity  on  each  sitlc  the  cranium : 
it  is  divided  from  the  nostril  by  the  junction  of  the  maxillary, 
ib.  SI,  with  the  naso-lacrymal  bone :  the  premaxiilaries,  ib.  22, 
are  small  bones,  with  a  well-nmrked  £acial  and  buccal  portion. 
The  palatines,  fig.  98,  A,  are  transversely  extended :  the  divided 
Tomer  is  dentigerous :  ihe  pterygoid,  ib.  24,  sends  out  three  raya 
for  the  sphenoidal,  tympanic,  and  palato-maxillary  connections  re- 
spectively. The  mandible  is  edentulous.  The  hyoid  arch  with 
its  branchial  appendages  has  changed  its  connections  as  well  as 
shape.  In  the  tadpole,  with  the  fully-developed  gills,  the  carti- 
lage re])rcsentingthe  stylo-  and  cerato-hyals,  figs.  G9  and  GOa,  a,  is 
short  and  tliick,  and  attached  to  the  back  of  the  tympanic  pedJrle, 
ib.  to  the  end  of  which  is  articulated  the  mandible,  ib.  d.  The 
ceratohyals  are  connected  below  to  a  median  piece,  ib.  b,  which  may 
represent  both  the  basihyal  and  basibranchial:  it  directly  sup|X)rts 
the  hypobranchials  c,  c,  to  which  the  ceratobranchials,  or  branchial 
arches  are  attached.  As  the  gills  wither,  the  stylo-ceratohyals,  figs. 
70  and  71»  a,  lengthen,  attenuate,  and  acquire  an  independent 
attachment  to  the  petrosal;  tiie  basi-  and  hypo-branchials,  fig. 
74,  c,  c,  coalesce  into  a  single  cartilaginous  plate,  with  the 
'  basihyal,'  ib.  h ;  and  the  ceratobranchials  are  reduced  to  a  single 
pair,  which  represent  the  so-called  *  posterior  comua  *  of  the  hyoid. 

*  rxxxix  torn  Y.      2,  p.  389,  p]«.  zxiT.— xxviL,  w«U  iUustrate  llie  oMeology  of 

tUo  litttTAcliia. 
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The  scapular  arch,  fifi^.  42,  50,  r,!,  retrogrades,  like  the  hyoid,  from 

its  primitive  position  in  the  larva. 

Cuvier,  at  the  conclusion  of  iiia  descriptioii  of  the  batrachian  skull, 

remarks,  *  This  skuU  does 

not  accord  with  the  theory 

of  the  three,  four,  or  seven 

▼ertebrae,  or  even  of  one 

(eranial)  vertebra,  any  more 

than  it  does  with  that  of  the 

identity  in  the  number  of 

bones*  (in  different  animala).^ 
At  the  same  time  he  de- 
termines the  special  homo- 
logy of  the  twenty-six  bones, 
exclusive  of  the  mandible  and  hyoid  apparatus,  and  assigns  to  them 
the  t^amc  names,  —  and  as  regards  the  majority,  correctly, —  which 
those  bones  bear  iu  the  rest  of  the  vertebrate  province.  We  have 
been  led,  therefore,  to  look  for  some  higher  law  within  which  that 
of  tlie  special  conformity  may  be  included. 

In  many  instances  of  tnujk-vertcbra^,  the  nciirn] K>|)liyses  meet 
below,  aa  well  as  above  the  neural  axis,  their  baacs  being  cxtcii<lod 
towards  each  other  so  as  to  interpose  between  that  axis  and  tlie 
vertebral  ceotmnu  This  condition  is  repeated  by  the  exoccipitals 
which  form  the  neural  arch  of  the  epencephalon,  and  encompass  it^ 
in  Bairaehia,  giving  passage  to  its  chief  pair  of  nerves  and  de- 
veloping articolar  processes  for  the  succeecQng  vertebnu  The  two 
pairs  of  neiirapophyses  in  advance,  retain  the  more  ordinary  rela- 
tions of  these  elements,  the  more  expanded  mes-  and  pros-encephala 
having  thdr  bony  ring  or  arch  completed  by  a  centrum  below  and 
a  spine  above.  One  neurapophysis  (alisphenoid)  transmits  the 
trigeminal  nerve,  the  other  (orbitosphenoid)  the  uptit;  nerve :  the 
fourth  or  anterior  neural  arch  ('  os  en  ceinture '  and  *  cthmoYde ' 
of  Cuvier)  encompasses  the  foremost  segment  of  the  brain 
as  the  exoccipitals  do  the  hindmost ;  and  they  give  j^assage 
to  the  olfactory  nerves.  Of^sitication  of  this  ring  of  l)one  begins 
in  itfi  lateral  halves :  the  essential  relations  and  functions  being 
those  which  characterise  the  bones  which  in  bony  £shes  will  be 
described  as  *  prefrontals*'  Beneath,  and  supporting  them,  is  a 
pair  of  bones  which  may  be  regarded  as  a  mesially  divided 
*  centram'  (vomer):  and  above  is  a  psir  of  bones  whidi  may  be 

*  ctTXiT. '  Ce  crane  ne  I'acoMrcle  pM  plos  avee  k  tlilorie  dis  iroia,  dcs  quatre,  on 

des  <=ept  Tcrttbrcs,  mome  avec  ceUe  d'ooo  TWtdbre^  qa'aveo  c«U«  de  ViieaiM  do 
oumbro  dcs  os,'  toL.  t.  pU  ii.  p.  S9I, 
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regarded  as  a  mesially  divided  neural  spine  (nasal).  Thus  may  be 
discerned  four  cranial  segments  having  the  essentUd  characters  and 

relations  of  the  neural  arch  of  the  type  vertebra.  The  upper,  22, 
and  lower,  30,  jaws,  the  hyoid,  40,  and  scapulocoracoid,  5u-52,  fiii^.  42, 
constitute  four  inverted  arches ;  but  their  vertebral  relations  will 
be  better  untlerstood  in  the  composition  of  the  sikull  in  bony  fishes. 

§  30.  Sli-f/II  (if  Osseous  Fislu's.  =-  The  head  is  larger  in  proportion 
to  the  trunk  in  fishes  than  in  other  vertebrate  classes ;  it  is  usually 
in  form  of  a  cone,  figs.  34, 38,  whose  base  is  vertical^  directed  back- 
ward,  and  joined  at  once  to  the  trunk,  and  whose  sides  are  three  in 
numher,  one  superior,  and  two  lateral  and  inferior.  The  cone  ia 
shorter  or  longer,  more  or  less  compressed  or  squeezed  firom  side 
to  side,  nyre  or  less  depressed  or  flattened  from  above  downward, 
with  a  sharper  or  blunter  apex,  in  different  species.  The  base  of 
the  skull  is  perforated  by  the  hole,  called  'foramen  magnum,*  for 
the  exit  of  the  spinal  marrow ;  the  apex  is  more  or  less  widely  and 
dee[)ly  cleft  transversely  l)y  the  aperture  of  the  moutli  :  the  eve- 
socket.s  or  *  orbits,'  ib.  i",  are  lateral,  large,  and  usually  with  a 
free  and  wide  intercommunication  in  the  skeleton  ;  the  two 
vertical  fissures  behind  arc  called  *pll-slits,'  or  branchial  or  oper- 
cular apertures ;  and  there  is  a  mechanism  like  a  door,  ib.,  35,  36, 
37,  for  opening  and  closing  them.  The  mouth  receives  not  only 
the  food,  but  also  the  streams  of  water  for  respiration,  which 
escape  by  the  gill-slits.  The  head  contains  not  only  the  bnun  and 
organs  of  sense,  but  likewise  the  heart  and  breathing  organa. 
The  inferior  or  '  hiemal  *  arches  are  greatly  developed  accordingly, 
and  their  diverging  appendages  support  membranes  that  can  act 
upon  the  surrounding  fluid,  and  are  more  or  less  employed  in 
locomotion :  one  pair  of  these  appendages,  ib.  p,  53,  56,  answers, 
in  fact,  to  the  fore-limbs  in  higher  animals ;  and  their  sustaining 
arch,  ib.  51,  S2,  in  many  fishes,  also  su})ports  the  homologues  of 
the  hind-limbs,  v,  70.  Thus  brain  and  scnsc-oi  gans,  jaws  and 
tongue,  heart  and  gills,  arms  and  legs,  may  all  belong  to  the  head  ; 
nni]  the  disproportionate  size  of  the  skull,  and  its  firm  attachment 
to  the  trunk,  required  by  these  functions,  are  precisely  the 
conditions  most  favourable  for  fikcilitating  the  course  of  the  fish 
through  its  native  element 

It  may  well  be  conceived,  then,  that  more  bonea  enter  into  the 
formation  of  the  skull  in  fishes  than  in  any  other  ™TWft1g ;  and  the 
composition  of  this  skull  has  been  rightly  deemed  the  most 
difficult  problem  in  Comjiarative  Anatomy.  *  It  is  truly  remark- 
able,' writes  the  gifted  Oken,  to  whom  we  owe  the  first  clue  to  its 
solution,  *  what  it  cobts  to  solve  aiiy  one  problem  iu  i^luioboplucal 
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Aoatomy.  Without  knowing  the  what,  the  how,  and  the  wAy, 
one  may  stand,  not  for  hoars  or  days,  but  weeks,  before  a  fish's 
skull,  and  our  contemplation  will  be  little  more  than  a  Yacant 
stare  at  its  complex  sttdactitic  form.' 

To  show  what  the  bones  are  that  enter  into  the  composition  of 
tfie  skull  of  the  fish ;  how,  or  according  to  ^hat  law,  they  are  there 
arranged ;  and  wht/y  or  to  what  end,  they  are  modified,  so  as  to 
deviate  from  that  law  or  archetype,  will  next  be  our  aim.  These 
points,  rightly  understood,  yield  the  key  to  the  composition  of  the 
gkull  in  all  vertcbrata,  and  they  cannot  be  omitted  without  detri- 
ment to  the  main  end  of  the  most  elementary  essay  on  the 
Fkeletons  of  animals.  The  comprehension  of  the  description  will 
be  flMsiiitated  by  reference  to  figs.  75 — 85 ;  and  still  more  if  the 
reader  have  at  hand  the  skull  of  any  large  fish. 

In  the  Cod{Gadu8  morrhua,  L.  fig.  75),e.  g., it  may  be  observed, 
in  the  first  place^  that  most  of  the  bones  are»  more  or  less«  like 


8kaU  of  Cod  iMorrhua  vuigiuU),  Cur. 


large  scales;  have  what,  in  anatomy,  is  called  the  *  squamous' cha» 
racter  and  mode  of  union,  being  flattened,  thinned  off  at  the  edge, 
and  overlajjping  one  another;  and  one  sees  that,  though  the  skull, 
as  a  whole,  has  less  freedom  of  movement  on  the  trunk,  more  of 
the  component  bones  enjoy  independent  movciiionts.  Before  we 
proceed  to  pull  apart  the  bones,  it  may  be  well  to  remark,  that  the 
principal  cavities,  formed  by  their  coadaptatioa,  are  the  '  cranium/ 
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lodging  the  bran  and  the  organs  of  hearing ;  the  'orlntal,'  and  *  nasal ' 

chambers ;  the  '  bnccal  *  and  '  branchial  *  canals.  Some  of  these 
cavities  arc  not  well  defined.  The  exterior  of  the  skull  is  traversed 
by  five  lon<ritudinal  crests,  intercepting  four  channels  which  lodge 
the  beginnings  of  the  great  muscles  of  the  upper  half  of  the  truidc. 
The  median  crest  is  developed  from  the  superoccipital,  figs.  75,  76,  3, 
and  sometimes  also  from  the  frontal,  fig.  75,  ii :  the  lateral  crest  is 
fonned  by  the  parietal^  fig.  76»  7»  and  paroccipital,  ib.  4:  the 

external  crest  by  the  post  frontal,  ib.  is, 
and  mastoid^  ib.  s.  The  lower  border 
of  the  orbit^  fig.  75,  projects  fireely 
downward,  llie  hind  border  of  the 
operculum  is  produced  into  spines  in 
some  spedes,  fig.  82. 

In  the  analysis  of  the  fish's  skull 
it  is  best  to  begin  at  the  back  j)art ; 
for  the  segments  of  the  skeleton  de- 
viate most  from  the  archetyi)e  as  they 
recede  in  position  toward  the  two  ex- 
tremes of  the  body.  After  a  little 
practioe  one  succeeds  in  detaching  the 
bones  which  form  the  back  ])art  or 
base  of  the  conical  skull,  and  which 
immediately  precede  and  join  those  of 
the  trunk;  we  thus  obtain  a  'segment' 
or  'vertebra'  of  the  skulL  If  we 
next  proceed  to  separate  a  little  the 
bones  composing  this  segment,  we 
find  those  that  were  most  closely  in- 
terlocked to  be  in  nunil)er  and  ar- 
Two  single  and  symmetrical  bones, 
and  two  pairs  of  unsymmetrloal  bones,  fonning  a  circle:  or,  if 
the  lower  symmetrical  bone,  which  is  the  largest,  be  regarded  as 
the  base,  the  other  five  form  an  arch  supported  by  it,  of  which 
the  upper  symmetrical  bone  is  the  key-stone,  fig.  77.  This 
answers  to  the  'neural'  arch  of  the  typical  vertebra:  the  base- 
bone  is  the  '  centrum/  i ;  the  pur  of  bones,  which  articulated  with 
its  upper  surfiuse  and  protected  the  hind  divinon  of  the  brain, 
form  the  '  neurapophy  ses,'  2 ;  the  smaller  pair  of  bones,  projecting 
outward,  like  transverse  processes,  are  the  '  diapophyses,^  4 ;  the 
symmetrical  bone  completing  the  arch,  and  terminating  above  in  a 
long  crest  or  spine,  is  the  *  neural  spine,'  3.  It  will  be  (►bservcd 
that  the  centrum  is  concave  at  that  surface  which  articulates  with 


upper  rarferr  nf  cnuiiom. 


rangement 


as  follows  : 
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the  centrum  of  the  first  vertebra  of  the  trunk:  the  opposite 
anrfiioe  is  also  ooncaye,  but  ezpaoded  and  very  irregular,  in  order 
to  eflfect  amuch  firmer  union  with  the  centrum  of  the  next  cranial 
a^ment  in  adyanoe  —  great  strength  and 
fixity  being  required  in  this  part  of  the 
skeleton,  instead  of  the  mobility  and  elas- 
ticity which  is  needed  in  the  vertebral 
column  of  the  trunk.  It  may  be  also 
observed  that  the  *  neurapophyses '  are  per- 
f<>nitc<l,  like  most  of  thoHC  in  tlie  trunk, 
fur  the  passajT^e  of  nerves  ;  that  the  diapo- 
physes  give  attachment  to  the  bones  which 
form  the  great  inferior  or  haamal  arch  ;  and 
that  the  neural  sinne  retains  much  of  the 
shape  of  the  parts  so  called  in  the  trunk. 
Nevertheless,  the  elements  of  the  neural 
arch  of  this  hindmost  segment  of  the  skull 
have  undergone  so  much  developement  and  modification  of  shape, 
that  they  have  received  spedal  names,  and  have  been  enumerated 
as  so  many  distinct  and  particular  bones.  The  centrum,  i,  is 
called  *  basioccipital ; '  the  neurapophyses,  2,  *  exoccipitals  ; '  the 
neural  spine,  3,  *  superoccij)ital ; '  the  diapopljyses,  4,  *  parocci- 
])itals/  In  the  human  skeleton  all  those  parts  are  blended  together 
into  a  mass,  which  is  called  the  *  occipital  bone.'  In  Philosophical 
j^Vnatomy  it  is  the  *  epencephalic  arch,'  because  it  surrounds  the 
hindmost  senrinent  of  the  brain  called  *  epenccplialon.' 

The  entire  segment,  here  disarticulated,  is  called  the  *  occipital 
vertebra,'  and  in  it  we  have  next  to  notice  the  widely-expanded 
infisrior  or  luemal  arch,  fig.  81,  60,  11.  This  consbts  three 
pairs  of  bones.  The  first  pair  arc  bifurcate,  and  have  two  points 
of  attachment  to  the  neural  arch,  the  lower  prong,  answering  to 
what  is  called  the  *  head  of  the  rib,'  abutting  upon  the  neura* 
pophyns ;  the  upper  prong,  answering  to  the  '  tubercle  of  the 
rib,'  articulating  to  the  diapophysis.  The  second  pair  of  bones 
are  long  and  slender,  and  represent  the  body  of  the  rib.  The 
first  and  second  piece  together  answer  to  the  element  called 

*  pleura[>()})hysis ; '  the  third  pair  of  bones  are  the  *  haimapophyses ; ' 
these  support  diverging  a})pL'iulagca  consisting  of  many  bones 
and  rays.  The  special  names  of  the  above  elements  of  the 
haemal  arch  of  the  occi{)ital  vertebra  are,  from  above  downwards, 

*  suprascapula,'  50  ;  *  scapula,'  61  ;  '  coraeoid,'  52.  The  inverted  arch, 
so  formed,  encompasses,  supfiorts,  and  protects  the  heart  or  centi  e 
of  the  hsBmal  system;  it  is  called  the  ^scapular  arch.'  There 
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are  cold-blooded  anlmala — the  gymnothonut  and  slow-wonn, 
e.  g. —  in  which  this  arch  supports  no  appendage;  there  are  others 

—  Lepidosiren  and  Protopterus,  fig.  41,  52  —  in  which  it  supports 
an  aj>pendage  in  the  fi>iiu  of  a  single  many-jointed  ray,  ib.  57. 
In  other  fishes,  the  iiuiuher  of  rays  progressively  increase,  until, 
in  those  called  'rays'  par  cxcrUrjirr,  fig.  64,  they  exceed  a  hundred 
in  number,  and  are  of  great  leugth,  forming  the  chief  and  most 
conspicuous  parts  of  the  fish.  'L'he  more  common  condition  of 
the  appendage  in  question  is  that  exhibited  in  the  Cod,  fig.  34, 
So  developed^  it  is  called  in  Ichthyology  the  *  pectoral  fin/  ib.  P : 
otherwise  and  variously  modified  in  higher  aaimalsy  the  same  part 
becomes  a  fore-leg/  a  wing^  an  arm  and  hand. 

Proceeding  to  the  next  segment,  in  advance,  in  the  Cod-fish'a 
skully  we  find  that  the  bone  which  articulated  with  the  centrum 
of  Uie  occipital  segment  is  continued  forward  beneath  a  great  pro- 
portion of  the  skull*  In  quadrupeds,  however,  the  corresponding 
part  of  the  base  of  the  skull  is  occupied  by  two  bones ;  and  if  the 
single  long  bone  in  the  fish  be  sawn  across  at  the  part  where  the 
natural  suture  exists  in  the  beast,  we  have  then  little  diflSculty  in 
disarticulating  and  bringing  away  with  it  a  series  of  bones  similar 
in  number  and  arrangement  to  those  of  the  occipital  seprment. 

In  the  skeletons  of  most  animals  the  centrums  of  two  or  more 
segments  become,  in  certain  i)art3  of  the  body,  confluent,  or  thej 
mnv  )>e  roiuiate ;  they  form,  in  fact,  one  bono,  like  that,  e.  g., 
whicii  human  anatomists  call  *  sacrum.'  13y  tiic  term  *  confluent ' 
is  meant  the  cohesion  or  blending  together  of  two  bones  which 
were  originally  separate;  by  *  connate/  that  like  ossification  of 
the  common  fibrous  or  cartilaginous  bases  of  two  bones  proceeds 
from  one  point  or  centre,  and  so  converts  such  bases  into  one 
bone :  this  is  the  case,  e.  g.,  in  the  radius  and  ulna  of  the  frog, 
and  in  its  tibia  and  fibula.  In  both  instances  they  are  to  the  eye 
a  single  bone ;  but  the  mind,  transcending  the  senses,  recognises 
such  single  bone  as  being  essentially  two.  In  like  manner  it 
recognises  the  *  occipital  bone '  of  man  as  eMntially  four  bones ; 
but  these  have  become  *  confluent,*  and  were  not  *  connate.'  The 
centrums  of  the  two  middle  segments  of  the  fislvs  skull  are  con- 
nate, and  the  little  violence  above  recommended  is  retjuisit^  to 
detach  the  penultimate  segment  of  the  skull.  "When  detached, 
the  bones  of  it  are  seen  to  be  so  arranged  as  to  form  a  neural  aud 
a  haemal  arch.  In  the  neural  arch,  fig.  78,  the  centrum,  neura- 
pophyses,  diapuphyses,  and  neural  sjMue  are  distinct:  moreover, 
the  neural  sj)inc  in  the  Cod,  and  ni  iny  other  fishes,  is  bifid,  or 
split  at  tlie  median  line.    The  ceutrum  is  called  *  basiphenoid,'  5 ; 
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the  neurapophysis,  *  alisphenoid,'  6 ;  the  neural  spine,  *  parietal,' 
7 ;  and  the  diapophysis,  '  mastoid,'  8,  The  alisphenoids  protect 
the  sides  of  the  optic  lobes»  and  the 
rest  of  the  penultimate  segment  of 
the  brain  called  ^  mesencephalon ; ' 
the  mastoids  project  outward  and 
backward  as  strong  transvene  pro- 
cesses, and  give  attachment  to  the 
piera  of  the  great  inyerted  hssmal 
ard.  Before  noticing  its  struc- 
ture, I  may  remark  that,  in  the 
recent  Cocl-fish,  the  case,  partly 

CTlStlv,  ]).artly  bony,  which  contains        Dl*artlrulau>d  im'*<>ncir»l»allc »rcli,  viewed 
^1       '     '        V  1        •  11  lnNnlMbtBtf;Ood(Jliarr*wi«ii<parfe) 

tae  orfriin  ()t  hearing,  is  wed«ri'd 

between  the  last  and  penultimate  neural  arches  of  the  skull. 
The  extent  to  which  the  ear-case  is  ossified  yaries  in  different 
fiflhesy  but  the  bone  is  always  developed  in  the  outer-wall  of  the 
cue.  In  the  Cod  it  is  unusually  large,  and  is  called  *  petrosal,' 
%  81,  16;  in  the  Perch,  fig.  84,  16,  and  Carp,  fig.  83,  16,  it  is 
mailer :  it  forms  no  part  of  ti^ie  segmented  neuroskeleton.  In  the 
acoustic  organ  which  it  contributes  to  enclose,  there  is  a  body  as 
Viaid  as  shell,  like  half  a  split  almond:  it  is  the  ^otolite,'  fig. 
81,  IS. 

The  lurmal  arch  consists  of  a  pleurapophysis  and  a  hiemapo- 
physis  on  each  side,  and  a  Iwmal  spine ;  the  pleurapophysis  is  in 
two  parts,  the  upper  one  called  '  stylohyal,'  ib.  38 ;  the  lower  otk^ 
called  '  epihyal,'  ib.  39 ;  the  lMema]X)physis  is  called  *  ceratohyal,' 
ib.  40.  The  hiema]  spine  is  subdivided  into  four  stumpy  bones, 
called  collectiyely  *basihyal,'  ib.  4i;  and  which,  in  most  fishes, 
support  a  bone  directed  forward,  entering  the  substance  of  the 
tongue,  called  '  glossohyal,'  ib.  4s;  and  another  bone  directed 
^Mckward,  called  'urohyid,'  ib.  4S. 

Xheceratohyal  part  of  the  htemapophysis  supports  an  appendage, 
orrudimental  limb,  called  *brancldostegal,'  fig.  81,  44,  answering 
to  the  pectoral  fin  diverging  from  the  hajmal  arch,  in  the  adjoining 
<»cipital  seprment. 

The  penultimate  sejnnent  of  the  skull  above  described  is  called 
the  '  jiarictal  vertebra;'  the  neural  arch  is  called  *  inescneeplialic ;* 
and  the  haemal  arch  is  called  *  hyoidean '  in  reference  to  its  sup- 
porting and  subserving  the  movements  of  the  tongue. 

The  next  segment,  or  the  second  of  the  skull,  counting  back- 
can  be  detached  ivom  the  foremost  segment  without  dividing 
tty  bone.    It  is  then  seen  to  consist,  like  the  third  and  fourth 
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segments,  of  two  arches  and  a  common  centre ;  but  the  consti- 
tuent bones  have  been  subject  to  more  extreme  modifications. 
The  centrum,  called  *  presphenoid,'  fig.  79,  9,  is  produced  far 
forward,  slightly  expanding;  the  neurapophyses,  caJled  'orbito- 

sphenoids/  ib.  lo,  are  small  semi- 
oval  plates,  protectiiig  the  sides  of 
the  cerebrum;  the  neural  efine,  or 
key-bone  of  the  arch,  called  '  fruntal,* 
ib.  11,  is  enormously  expanded,  but 
in  the  Cod  is  single ;  the  diapophyses, 
called  '  ix)st-f rentals,'  ib.  12,  project 
outward  from  the  hiiuler  angles  of 
the  frontal,  and  ijive  attachment  to 
the  piers  of  the  inverted  lucmul  arch. 
The  first  bone  of  this  arch  is  com- 
mon in  Fishes  to  it  and  to  that  of  the 
last  described  vertebra,  being  the 
bone  called  *  epitympanic,*  fig.  81,  25; 
this  modification  is  called  for  by  the 
oiMutteoiM  piRiMiM«iiiiaueMcii.ood  ncccssity  of  conscntancous  move- 
(jTOTTiMavMiparfa)  mcnts  of  the  two  inverted  arches,  in 

connection  with  the  deglutition  and  course  of  the  streams  of 

water  required  for  the  branchial  respiration.  The  hsemal  arch 
of  the  present  sepcment  —  enormously  developed  —  is  plainly 
divided  primarily  on  each  side  into  a  ])leura])oj^hysi8  and  hienia- 
pophysis;  for  these  elements  are  join (m1  touether  by  a  moval)le 
articulation,  whilst  the  bones  into  which  they  are  subdivided 
are  suturally  interlocked  together.  The  pleurapophysis  is  so 
subdivided  into  four  pieces;  the  upper  one,  articulating  with 
the  poetfrontal  and  mastoid — the  diapophyses  of  the  two  middle 
segments  of  the  skull — is  called  ^  epitympanic,'  ib.  ss;  the  hind- 
most of  the  two  middle  pieces  is  the  *  mesotympanic,'  ib.  se:  the 
foremost  of  the  two  middle  pieces  is  the  *  pretympanic,'  ib.  S7 ; 
the  lower  piece  is  the  hypotympanic,  ib.  ss ;  this  presents  a  jcnnt- 
siuface,  convex  in  one  way,  concave  in  the  other,  ^dled  a  *  gingly- 
moid  condyle,'  for  the  haMnapophysis,  or  lower  division  of  the 
arch.  In  most  air-breathing  vertebrates  —  the  Serpent,  fig.  97, 
e.g.  —  the  pleurapophysis  resmnes  its  normal  sinipllelty,  and  is  a 
single  bone,  28,  which  is  called  the  *  tympanic  in  the  eel-trll)e,  as 
in  the  Batraehia,  figs.  43,  72,^,  h,  it  is  in  two  pieces.  The  greater 
Bubdivision,  in  more  actively  breathing  Fishes,  of  the  tympanic 
pedicle,  gives  it  additional  elasticity,  and  by  their  overlapping, 
interlocking  junction,  greater  resistance  against  fracture;  and 
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these  qualities  seem  to  have  been  required  in  consequence  of  the 
presence  of  a  complex  and  largely  developed  diverging  appendan;c, 
which  forms  the  framework  of  the  principal  flap  or  door,  called 
'opeicnlum/  figs.  81,  84,m-87»  that  opens  and  closes  the  branchial 
fisBores  on  each  side.  The  appendage  in  question  consists  of  four 
bones;  the  one  articulated  to  the  tympanic  pedicle  is  called  'pre- 
operoolar/  ib.  34;  the  other  three  are,  counting  downward,  the 
'opercular/  ib.  ss;  the  ' subopercular,'  ib.  as;  the  interopercular,* 
ib.  57.  The  hreraapophysis  is  subdivided  into  two,  three,  or  more 
piece."*,  in  diticrcnt  fishes,  suturally  interlocked  together;  the  most 
common  division  is  into  two  subequal  jnirts,  one  presenting  the 
concavo-convex  joint  to  tlie  pleurupophysis,  and  called  *  articular,' 
ib.  29 ;  the  other,  bifurcated  behind  to  receive  the  point  of  2y,  and 
joining  its  fellow  at  the  o])p()sitc  end,  to  complete  the  hajnial  arch: 
it  supports  a  number  of  the  hard  bodies  called  *  teeth,'  and  hence 
it  has  been  termed  the  *  dentary,'  ib.  32.  In  the  Cod  there  is  a 
amall  separate  bone,  below  the  joint  of  the  articular,  forming  an 
sngle  there,  and  called  the  *  angular  piece,*  fig.  75,  so. 

In  consequence  of  this  extreme  modification,  in  relation  to  the 
oflfioes  of  seizing  and  acting  upon  the  food,  the  pair  of  h»ma- 
{)ophyge8  of  the  present  segment  of  the  skull  have  rec^ved  the 
nsme  of  *  lower  jaw,'  or  *  mandible*  (mandibula).  The  hiemal 
arch  is,  hence,  called  *  mandibular : '  the  neural  arch  *  prosen- 
ceplialic:*  the  entire  segment  is  called  the  '  frontal  vertebni/ 

The  first  sejrment,  forniinj;  the  anterior  extreniitv  of  the  ueuro- 
skeleton,  like  most  peripheral  parts,  is  that  which  has  undergone 
the  most   extreme   modifications.  The 
obvious  arrangement,  nevertheless,  of  its 
constituent  bones,  when  viewed  fix>m  be- 
hind, after  its  detachment  from  the  second 
segment,  affords  one  of  the  most  condu- 
nre  proofs  of  the  principle  of  adherence 
to  common  type  which  governs  all  the 
iegments  of  the  neuroskeleton,  whatever 
offices  they  may  be  modified  to  fulfil.  iM«rtk«ui«d  ruoeaeepiwiic 
Ine  neural  arch,  iig.  80,  is  |)lainly  mani- 
fested, but  is  now  reduced  to  its  essential  elements  —  viz.,  the 
centrum,  the  neurapoj)hyses,  and  the  neural  spine.    The  centrum 
ii^  expanded  anteriorly,  where  it  usually  supports  some  teeth  on 
Its  under  surface  in  fishes;  it  is  called  the  *  vomer,'  ib.  13.  The 
nearapo|)hyse8  are  notched  (in  the  Cod),  or  perforated  (in  the 
Sword-fish),  hj  the  crura  or  prolongations  of  the  brain,  which 
expand  into  its  anterior  division,  called  rhinencephalon,  or 
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*  olfactory  lobes ' ;  the  special  name  of  such  neurapophysis  is  *  pre- 
frontal/ ib.  14.  The  neural  spine  is  usually  single,  Bometimes 
cleft  aloncc  the  middle ;  it  is  the  'nasal/  ib,  ift. 

The  hiemal  arch,  fig.  81>  20  -22,  n,  is  drawn  forward,  bo  that  its 
apex,  as  well  aa  ita  piers,  are  joined  to  the  centrum  (vomer),  and 
usually  also  to  the  neural  spine  (nasal),  donng  up  anteriorly  the 
neural  canaL  The  plenrapophyses  are  simple,  short,  sending 
backward  an  expanded  plate ;  they  are  called  *  palatines/  ib.  and 
fig.  84,  20.  The  hsemapophyses  are  simple,  and  their  essential 
part,  intervening  between  the  pleurapophysis  and  haemal  spine,  is 

81 
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short  and  thick;  but  tlioy  send  a  long  process  backward;, this 
element  is  called  'maxillary/  ib,  ai.  The  haemal  spine,  cleft 
at  the  middle  line,  sends  one  process  upward  of  varying  length 
in  different  fishes,  and  a  second  downward  and  badcward,  and 
its  under  surface  is  beset  with  teeth  in  most  fishes :  it  is  called 
*  premanllary/  ib.  Si.  Each  pleurapopliysis  sup|>ort8  a  *  diverg- 
ing appendage/  consisting  commonly  of  two  bones:  the  outer 
one,  which  fixes  the  present  hajmal  arch  to  the  succeeding  one, 
is  called  *  pterygoid,'  75,  81,  24;  the  inner  one  is  the  *  ento- 
])tervg()id/  ib.  23.  The  entire  segment  is  called  the  *  nasal  vertebra  ;* 
its  neural  arch  is  the  *  rhinencephalic its  luemal  a reli,  forming 
what  is  termed  the  upper  jaw  (jnaxiUa),  is  called  the  *  maxillary ' 
arch  and  appendages. 

On  reviewing  the  arrangement  of  the  bones  of  the  foregoing 
segments,  one  cannot  but  be  struck  by  the  strength  of  the  arches 
which  protect  and  encompass  the  brain,  and  by  the  efficiency  of  that 
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arrangement  which  proyides  such  an  arch  for  each  primary  divi- 

non  of  the  brain ;  and  a  sentiment  of  admiration  naturally  arises 
on  examininff  the  finn  interlockinfj  of  the  extended  sutural  siir- 
faces,  and  cspec  liilly  of  those  unitinpr  the  proper  elements  of  the 
arch  with  tlio  buttresses  wedf^ed  in  between  the  jiicrs  and  key- 
stone, and  to  which  buttrciiseB  (diapophjses)  the  larger  haemal 
arches  are  suspended. 

In  addition  to  the  parts  of  the  neuroskeleton,  the  bones  of  the 
head  include  the  ossified  part  of  the  ear-capsule,  '  petrosal/  fig. 
81,  I69  already  mentioned ;  an  ossified  part  of  the  eje-capsule, 
commonly  in  two  pieces,  '  sclerotals/  ib.  ir  ;  and  an  ossified  part 
of  the  capsule  of  the  organ  of  smell,  '  tnrbinal,*  ib.  19.  Another 
assemblage  of  splanchnoskeletal  bones  support  the  gills,  and  are 
in  the  ^mn  of  slender  bony  hoops,  caUed  *  branchial  arches,' 
fig.  85,  48,  49.  They  are  partly  supported  by  the  hyoidean  arch. 
Amongst  the  bones  of  the  mnco-dermal  system,  may  be  noticed 
those  that  oircnmscribe  the  lower  part  of  the  orbit,  fig.  75,  ff,  g ; 
of  which  the  anterior,  ib.  73,  is  pretty  constant  in  the  vertebrate 
series,  and  is  called  *  lacryniul/  In  fishes  they  are  called  *  subor- 
bitals,' and  are  occasionally  present  in  great  numbers,  as,  e.  g.,  in 
the  Tunny,  or  developed  to  enormous  size  as  in  the  Gurnard, 
tig.  82,  and  allied  fishes,  thence  called  *  mail-cheeked.'    A  similar 
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series  of  bones  called  '  supertemporals '  sometimes  overarches  the 
temporal  fossa. 

At  the  ontset  of  the  study  of  Osteology  it  is  essential  to  know 
well  the  numerous  bones  in  the  head  of  a  fish,  and  to  fix  in  the 
memory  their  arrangement  and  names.   The  latter,  as  we  have 
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seen,  are  of  two  kinds,  as  regards  the  bones  of  the  neuroskeleton : 
the  one  kind  is  *  general,'  indicative  of  the  relation  of  the  iskuU- 
boues  to  the  typicul  segment,  and  which  names  they  bear  in 
common  with  tiie  saiiK^  eUMiu'iits  in  the  segments  of  the  trunk; 
the  other  kind  is  '  sjjccial/  and  hestowed  on  account  of  the  par- 
ticular developenient  and  shape  of  such  elements,  as  tliey  arc 
modified  in  the  head  for  particular  functions.  A  great  proportioii 
of  the  bones  in  the  head  of  a  fish  exist  in  a  very  similar  state  of 
connection  and  arrangement  in  the  heads  of  other  vertebrates^  up 
to  and  including  man  himself.  No  method  could  be  less  con- 
ducive to  a  true  and  philosophical  comprehension  of  the  vertebrate 
skeleton  than  the  beginning  its  study  in  man -—the  most  modified 
of  aU  vertebrate  forms,  and  that  which  recedes  furthest  from  tlie 
common  pattern.  Throuirh  an  inevitable  ignorance  of  that  pattern, 
the  hones  in  Aiitliropotoniv  are  indicated  only  by  speciid  names 
more  or  less  relating  to  the  particular  forms  tlic>c  bones  haj>pen 
to  bear  in  man;  such  names,  when  applied  to  the  tallying  bones 
in  lower  animals,  l(»sin«r  tliat  si«xnificance,  and  becoming  ar}>itrarv 
signs.  Owing  to  the  frequent  modification  by  continence  ot  the 
human  bones,  collections  of  them,  so  united,  Irnve  received  a 
single  namci  as,  e.g.  'occipital/  'temporal,'  &c. ;  whilst  their 
constituents,  which  are  usual  ly  distinct  vertebral  elements,  have 
received  no  names,  or  are  defined  as  processes,  e.  g.  *  condyloid 
process  of  the  occipital  bone,'  'styloid  process  of  the  temporal 
bone,*  '  petrous  portion  of  the  temporal  bone,'  &c  The  classifi'* 
cation,  moreover,  of  the  bones  of  the  head  in  Human  Anatomy, 
viz.  into  those  of  the  cranium  and  those  of  the  face,  is  artifidal  or 
special,  and  consequently  defective.  Many  bones  which  essentially 
belong  to  the  skull  are  wholly  omitted  in  >iiq\\  classili^ ailou. 

In  regard  to  the  arehcty])c  skeleton,  fishes,  which  were  the  first 
ionus  of  vertebrate  life  iiitroduced  into  this  }>lanet,  doiatc  the 
least  therefrom:  and  arcordinjj  to  the  foic^oinn-  analvsis  of  the 
bones  of  the  head,  it  follows  that  such  bones  are  primarily  divisible 
into  those  of — 

The  Neuroskeleton ; 
The  Splanchnoskeleton ; 
The  Dermoskeleton. 

The  ucuroskeletal  bones  are  arranged  in  four  segments,  called 

The  Occipital  vertebra ; 
The  Parietal  vertebra ; 

The  Frontal  vertebra ; 
The  Nasal  vertebra. 
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Eaeh  segment  consists  of  a  'neural'  and  a  *hajmai  aicli. 
(Fig.  81,  N,  H.)    The  neural  arches  are — 

N     I.  Epencepli  ilic  arch  (bones  Nos.  i,  2,  3,  4); 

N    II.  Mesencephalic  arch  (5,  6,  7,  s); 

N  III.  Proscucephalic  arch  (9,  10,  11,  12); 

N  lY.  lUiinencepliaiic  arch  (u»  14,  16). 

The  hsBinal  arches  are — 

H    I.  Scapular  arch  (50-53) ; 

H  II.  Hyoidean  arch  (38-4a) ; 

H  IIL  ^^dibular  arch  (aa-sst) ; 

H  lY.  MaaUary  arch  («H2s). 

The  diverging  appendages  of  the  iia^mal  arches  are — 

1.  TIic  Pectoral  (54-57); 

2.  The  Branchiostegal  (44) ; 

3.  The  Opercular  (34-37); 

4.  The  Pterygoid  (23-24). 

The  bones  or  parts  of  the  aplanchnoBkeleton  which  are  inter- 
calated with  or  attached  to  the  arches  of  the  true  vertebral 
segments,  are — 

The  Petrosal  (le)  or  ear-capeule,  with  the  otolite,  ; 

Tlie  Sclerotal  ( 1 7 )  or  eyc-capsule; 
The  Turbinal  ( lo)  or  nose-capsule ; 
The  Brancliiai  arches  (45-49 ) ; 
The  Teeth. 

The  bones  of  the  dermoBkeleton  are — 

The  Supratemporals  (74); 
The  Postorbitals  (72) ; 
The  Superorbitak  (71); 
The  Suborbitals  (73); 

The  Labiala  (r^),  and  others  which  will  be  pointed  out  in 
certain  ganoid  fishes. 

Such  appears  to  be  the  natural  classification  of  the  parts  which 
cuustitute  the  complex  skull  of  Osseous  Fitches. 
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The  term  'onudnm'  might  well  be  applied  to  the  four  neural 

arches  collectively,  fip^s.  76,  83;  but  would  exclude  some  bones 
called  *  cranial,'  and  include  some  called  'facial,'  in  Human 
Anatomy.  In  a  side  view  of  the  naturally  connected  bones  of 
those  arches,  such  as  is  shown  in  the  Carp,  fig.  83,  the  upper 
part  of  the  cranium  is  formed  by  the  neural  spines  called  suj>er- 
occipital  3,  parietal  7,  frontal  ii,  and  nasal  15;  the  lower  part 
by  the  centrums  called  basioccipital  i,  basbphenoid  5,  presphe- 
noid  9,  and  vomer  is :  the  side-wallfi  by  the  neucapophjses  called 
exoccipital  alisphenoid  6,  orbitosphenoid  1O9  and  pr^rontal  14. 
Between  s  and  «  is  intercalated  the  petrosal  le:  between  the 
fore  part  of  9  and  to  is  the  *  interorbital  is/  which  is  an  inconstant 
ossification  in  fishes.  The  outstanding  or  transverse  processes 
are  the  parocdpital  4>  the  mastoid  %,  and  the  postfirontal  is. 


88 
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In  the  Carp  the  parietals  meet  and  unite  ujwn  the  vertex  by  a 
*  sagittal '  suture :  in  most  osseous  fishes,  as  in  the  Cod  and  Perch, 
figs.  76,  77,  they  are  separated  by  the  junction  of  the  supcrocci- 
pital,  3,  with  the  very  large  frontals,  11,  11.  At  the  base  of  the 
skull  may  be  seen,  in  the  Perch,  fig.  84,  the  basioccipital  1,  the 
articular  processes  of  the  exocdpitals  s,  and  the  spine-shaped  end 
of  the  superoccipital  3.  The  paroccipital  4,  is  separated  below 
from  the  exoccipital  by  the  petrosal  16.  The  basi-presphenoid»  s 
and  9»  carries  forward  the  bodies  of  the  Tertebne  to  the  vomer  i8» 
which  is  expanded  and  dentigerous  anteriorly,  as  the  bodies  of 
the  cervical  vertebro  support  teeth  in  the  Deiritdm  (p.  57).  The 
alisphenoids  6,  the  orbitosphenoids  10,  and  the  prefrontals  u,  are 
attached  to  the  sides  of  the  basal  elements ;  more  externally  are 
seen  the  frontal  11,  postfrontal  12,  mastoid  8,  and  paroccipital  4. 
On  the  left  side  are  shown  the  palatine  20^  the  eutopterygoid 
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S3,  and  external  to  it  the  pterygoid  abuttiiig  upon  the  hypotjm- 
paoicy  18  dt  between  thig  and  the  epitjmpanicy  98,  are  the 
mesotympanic,  88,  and  the  pretTmpanic  b.  The  preoperoular,  S4, 
mna  pandlel  with,  strengthens,  and  oonnectB  together  the  divisiona 


Buc  of  the  •kollwtlh  left  rid«o(  Buuidflndar  aKb  and  its  opercnlju'  appendage.  Perch  (Pereajluviatilu) 

of  the  tympanic  pedicle :  it  rapports  the  opercular,  35,  the  suh- 
opcrcular,  36,  and  the  interopercular,  37.  In  the  mandibular 
ramus  tlie  articular  is  marked  29,  and  the  deutary  32.  The  free 
end  of  the  maxillary  is  seen  at  21. 

In  fig.  85  the  maxillary  and  mandibular  arches  and  appendages 
are  removed,  the  stylohyal,  38,  having  been  detached  Irom  the 
epitympanic.  It  resumes  its  normal  attachment  to  its  segment 
when  the  special  hranchial  apparatus  becomes  abrogated,  as  in 
the  advanced  batrachian,  fig.  71,  in  which  we  saw  the  change  of 
position,  as  contrasted  with  the  earlier  piscine  condition  of  the 
larva,  fig.  69  A.   In  the  complex  and  ossified  hyoidean  arch  of 
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fiflhefl  we  find,  after  the  stylohyal  88,  the  ephyal  88,  the  oenito- 
hyal  40,  and  baohyal  41 ;  to  which  may  be  articulated  a  glosao- 
hjal  49,  and  a  urohyal  48:  this  is  a  large  compressed  lameUi- 
^rm  bone  in  the  Perch.    Seven  branchiostegal  rays,  44,  are 

articulated  to  the  cpi-  and  cerato-hyals.  Four  branchial  arches 
are  attached  to  the  hase  of  the  criuiiiun.  The  first  consists  of  the 
ceratohranchlal,  47,  and  epibranchial,  48,  elements  :  both  of  which 
support  a  series  of  processes,  G3,  directed  towards  the  cavity  of 
the  mouth  and  defendingr  the  entrv  to  the  branchial  fissures.  The 
second  and  third  arches  are  connected  above  by  the  pharyngo- 
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branchial  elements,  40,  to  the  cranium;  and  these  elements  usually 
support  teeth.  -The  gills  are  attached  to  grooves  on  the  outer 
side  of  the  epi-  and  cerato-branchials ;  the  arches  being  closed 
below  by  the  *  basibranchials '  which  are  attached  to  the  hyoid. 
The  suprascapula,  so,  is  attached  by  its  lower  branch  to  the  basi- 
occipitid,  and  by  its  upper  one  to  the  parocdpital,  4.  The 
scapula,  61,  supports  the  coracoid,  68,  to  wldch  the  davicle,  S8,  is 
attached,  the  rcJative  position  of  which  to  the  coracoid  becomes 
changed  as  the  scapular  arch  is  detadied  firom  its  natural  oon- 
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nectum  and  displaced  backward.  The  hmneral  segment  of  the 
fore  limb  is  rarely  developed  in  ^shes ;  the  radius,  54,  and  ulna,  55, 
are  directly  articulated  with  the  coracoid,  and  are  commonlj  much 
more  broad  tliau  long. 

Some  of  the  special  characters  and  modifications  of  the  bones 
of  the  head  will  next  be  briefly  noticed. 

The  ai  iu  ular  cup  for  the  atlas  varies  from  the  deep  conical 
cxcaration  seen,  fig.  77,  1,  in  the  Cod,  to  the  almost  flat  surface 
ill  the  Halibut ;  it  is  rare  to  find,  as  in  the  Pifx  -fish  ( Fi}ihdarin\ 
the  ba^ioocipltal  presenting  a  convex  suriacc  for  articulation  with 
the  body  of  the  atlas ;  or  to  find  this  centrum  confluent  with  the 
basioccipital,  as  in  PolypUrus,  In  many  fishes  the  under  part 
of  the  basioccipital  is  expanded  and  excavated;  in  the  Carp, 
the  under  part  is  produced  into  a  broad  triangular  plate,  fig.  83,  i, 
which  supports  the  large  upper  pharyngeal  grinding  tooth;  in 
the  ganoid  Lepidosteus,  the  basioccipital  developes  two  plates 
isQusk  its- upper  and  outer  angles,  which  complete  the  foramen 
magnum  and  support  the  exoccipitals  above.  The  exocei]>itals, 
fig.  77,  2,  are  peiforated  for  the  passage  of  the  nervi  vagi,  some- 
times for  the  first  spinal  or  hypojjrlossal  nerve;  the  foramina  being 
unusually  large  in  tlic  Carp  tribe,  fig,  83,  2,  where  they  relate 
also  to  the  connection  of  the  air-bladder  with  the  orgau  of  hearing, 
by  means  of  the  ossielcs,  a,  h,  c,  c/,  and  e. 

In  some  fishes,  e.g.  Perca,  fig.  84,  2,  the  cxoccipituls  send 
backward  artimlar  processes  modified  to  aUow  a  slight  move- 
ment upon  the  anterior  articular  processes  of  the  atla^.  Like 
the  neurapophyses  of  the  trunk  in  some  fishes  (e.g.  Lepidosiren, 
Thynnu$»  XipkUu)^  the  bases  of  the  exoccipitals  expand,  and 
meet  upon  the  upper  sur&ce  of  the  basioccipitcd,  and  immediately 
support  the  medulla  oblongata. 

The  supmcopital,  fig.  77^  8,  usually  sends  upward  and  back- 
ward a  strong  compressed  spine  firom  the  whole  extent  of  the 
middle  Une,  and  a  transverse  'superoccipital*  ridge  outwards 
from  each  aide  of  the  base  of  the  spine,  to  the  external  angles  of 
the  bone.  In  most  fishes  this  bone  advances  forward  and  joins 
the  frontal,  pushing  aside,  as  it  were,  the  parietals,  as  in  fig.  76, 
3 ;  in  Balistes  the  j)r(Kluced  part  of  the  superoccipital  is  even 
wedged  into  the  hinder  half  of  the  frontal  suture.  In  the  Carp, 
on  the  contrary,  the  anterior  ann;lc  of  the  superoccij)ital  is  trun- 
cated, forminnr  the  ))ai>e  of  the  triansrlc,  and  is  articulated  by  a 
larnboidal  suture  to  the  parietal  bones,  fig.  Hli,  7,  which  here  meet 
at  the  mid-line  of  the  skull,  and  the  up])er  part  of  the  occi|»ital 
Spine  is  low  and  flattened.    The  superoccipital  i&  also  separated 
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from  the  frontal  by  the  parietalsj  in  the  Salmonoid,  Ciapeoid, 
Munenoid^  and  most  ganoid  fishes ;  and  is  itself  diyided*  in  Amia 
and  Lepidosteug,  by  a  median  sutore ;  these  modifications  tell 

strongly  against  extending  the  homology  of  the  superoccipital  with 
the  supernumerary  *  interparieUir  bone  of  Mammals,  bey uikI  die 
anteriorly  produced  interparietal  portion  ;  which,  however,  is  not 
dcvolopcd  from  a  separate  centre  iu  Fishes. 

AVlu  n  the  skull  is  much  compressed  the  occipital  Fpine  is 
usually  very  lofty,  as  in  the  Opah-fish  and  Argtfreiosus,  fig.  38  :  in 
the  Light-horseman  fish  {Uphipjms)  it  expands  above  its  orirrin  into 
a  thick  crest  of  bone,  givln<^  the  skull  the  appearance  of  a  helmet ; 
but  in  low  flattened  skulls  the  sj)hie  is  much  reduced,  projecting 
merely  backward^  as  in  the  Pike  and  Sahnon,  and  being  8ome> 
times  obsolete,  as  in  the  Bemora.  In  a  few  instances,  ihe  broad 
posterior  part  of  the  superoccipital  articulates  with  the  neural 
arch  and  sjnne  of  the  atlas,  and  sometimes,  on  the  other  hand,  e.g. 
in  the  Halibut,  the  entire  bone  is  })U8hed  by  the  paroccipitals 
upon  the  upper  surface  of  the  skull,  wliere  it  manifests  the  loss  of 
symmetry  by  the  absence  of  the  expanded  plate  on  the  left  side  of 
the  spine. 

In  broad  and  depressed  skulls  tlie  })arorri]>ital,'  fitr.  76,  4,  foiTns 
a  strong  crest,  and  exceeds  the  exoccipital  iu  size  ;  iu  narrow  and 
deep  skulls  the  proportions  of  these  bones  are  commonly  reversed, 
and  the  paroccipitals  sometimes  disappear.  In  the  Shad,  the 
paroccipitals  unite  with  the  mastoids  almost  as  in  the  Chelonia ; 
and  in  Folyprion  they  are  connate  with  the  exoccipitals  as  in 
batrachian  and  crocodilian  Reptiles.  In  Synodut^  Calliehthys, 
and  HeterobranchuSf  the  paroocipital  is  Tisible  only  at  the  back 
part,  not  at  the  upper  }jart,  of  the  skulL  The  inner  sur&ce  of 
the  paroocipital,  like  that  of  the  exoccipital,  is  excavated  for  the 
lodgment  of  part  of  the  posterior  and  external  semicircular  canal 
of  the  enormous  internal  organ  of  hearing  in  Fishes.  The  outer 
projecting  process  supports  the  upper  fork  of  the  first  piece  of 
the  scapular  arch  :  sometimes,  as  in  Ephippus,  hy  n  distinct  arti- 
cular cavity.  The  neural  parts  of  the  occipital  vertebra  are  those 
which  are  commonly  in  Fishes  the  most  completely  ossified  at  the 
expense  of  their  primitive  cartilaginous  bases ;  and,  in  Poli/pterus, 
they  become  anchylosed  into  one  piece,  like  the  occipital  bone 
of  Anthropotomy,  the  superoccipital  being  as  little  developed  as 
in  Proioptenu, 

'  The  pntncclpitals  nrc  not  to  be  confonnded  with  the  dcmal  bonecidled  *  epiotic  * 
hy  Profeiisor  Hnxlcv,  in  Iiis  rcprodaction  of  Miillcr's  figure  of  ihe  head  of /VM^tentty 
in  the  GoTerumcut  rubiicatiun,  (clxtui.)  p.  22,  fig.  16. 
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The  hamsphewnd  (figs.  78  and  84^  5)  is  nstially  bifurcate  poste- 
riorly^ and  more  or  less  expanded  beneath  the  cranial  cayity  ;  it 
is  then  continued  forward  (sometimes  after  sending  out  a  pair  of 
lateral  proce-seSj  as  in  the  Perch,  more  commonly  without  such 
f»rr»ce«j^s)  along  the  base  of  the  intcrorbital  space  to  near  the 
;i  i  i'  part  of  the  roof  of  the  nunith  :  its  posterior  extremity  is 
joined  by  'a  -  luaniose  suture,  as  in  Diodon,  to  the  basioccipital ; 
or,  more  cornmonly,  as  in  the  Cod,  firmly  wedi^i d  by  a  kind  of 
double  goraphosis  into  the  basioccipital  ;  its  expanded  part  sup- 
ports the  petrosals  and  alisphenoids :  the  presphenoidal  prolonga- 
tion (figs.  83  and  84,  9)  articulates  with  the  orbitosphenoids  and 
the  ethmoid^  18,  when  this  is  ossified ;  and  it  tenninates  forward 
by  a  oavity  receiving  the  pointed  end  of  the  yomer,  fig.  84,  is. 
It  is  this  portion  of  ^e  basUpre-sphenoid  which  manifests  the  loss 
of  symmetry  in  the  flat  fishes  (iYetir^mecluits),  being  twisted  up 
to  one  side  of  the  skulL  The  basi-pre-sphenoid  yaries  in  form 
with  that  of  the  head  in  general^  being  longest  and  narrowest  in 
long  and  narrow  skulls,  and  the  converse.  The  whole  of  its 
upper  surface  is  commonly  rough  for  articulation  with  the  petrosals 
and  alisphenoids ;  rarely  does  any  portion  enter  into  the  direct 
formation  of  the  cranial  cavity,  and  then,  e.  g.  in  the  Cod,  a  small 
j-iirface  may  supixjrt  the  pituitary  sac.  When  it  enters  more 
largely  into  the  formation  of  the  floor  of  the  cranial  cavity,  it 
usually  pcnds  upward  a  little  process  on  each  side  ;  or,  as  in  Fis- 
tulariuf  a  transverse  ridge.  The  basisphenoid  is  smooth  below, 
where  it  is  usually  flattened  or  convex,  but  sometimes  is  pro- 
duced downward  in  the  form  of  a  median  ridge,  and  somedmes  is 
jKi-forated  for  the  lodgment  of  certain  muscles  of  the  eyeball. 
In  the  Polypterus  both  all-  and  orbito-sphenoids  are  anchylosed  to 
the  basi-pre-sphenoid,  and  the  result  is  a  bone  that  answers  to  the 
major  part  of  the  *  os  sphenoides'  of  Anthropotomy.  As  two  bige 
and  important  hsemal  arches  of  the  head  are  suspended  £rom  the 
parapophyses  of  the  second  and  third  cranial  vertebne,  this  seems 
to  be  the  condition  of  the  fixation  and  coalescence  of  the  bodies  of 
those  vcrtebne  in  all  I'ishes. 

In  some,  e.  g.  Perch  and  Carp,  the  base  of  each  alisphenold 
ri<cs  al)Ove  the  ])aslsphenoid,  and  then  sends  inward  a  horizontal 
plate,  which,  meeti?ijj;  that  of  the  opposite  alisphenoid,  forms  the 
inunefliate  support  of  the  mesencephalon,  and  at  the  same  time  the 
roof  of  a  canal,  excavated  in  the  basisphenoid,  and  which 
traverses  the  base  of  the  skull,  below  the  cranial  cavity,  from 
before  backwards,  opening  behind  at  the  under  part  of  the  basi- 
occipital ;  this  subcranial  canal  exists  in  the  Salmonoids,  Sparoids, 
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Sconiberoids,  and  is  very  remarkable  in  most  fishes  with  lofty 
compressed  skulls,  as  the  Ephijipns,    In  them  it  re^sembles,  but  is 
not  homologou!*  with,  the  posterior  prolongation  of  the  nasal  pas- 
sajres  in  tJie  Crocodiles,  and  it  Iodides  some  of  tlie  muscles  of  the 
evehall.    The  form  of  Oie  allsphenoids  h  tiiiluenced  by  that  of  the 
skull ;  when  this  is  low  and  flat,  thea*  antero-posterior  exceeds  their 
vertical  extent;  in  deep  and  compressed  skulls  they  are  narrow  and 
high  plates ;  in  ordinary  shaped  skulk  they  present  cither  a  sub- 
circular  form,  and  are  p ^jrforated,  as  in  the  Carp,  fig.  83,  6,  or  are 
reniform^  the  anterior  border  being  deeply  notched^  as  in  the  Cod, 
fig.  8I9  6;  they  form  a  more  definite  and  fixed  proportion  of  the 
lateral  parietes  of  the  skull  than  do  the  petrottils^  ib,  is,  which 
are  interposed  between  them  and  the  exoccipitab ;  and  they  have 
their  essential  function  in  sustaining  and  protecting  the  sides  of 
the  mesencephalon,  and  in  affording  exit  to  the  second  and  third 
divisions  of  the  fifth  pair  of  nerves.    The  alisphenoid  articulates 
ill  the  Cod  with  the  petrosal  posteriorly,  with  the  orbitosjjheiioid 
anteriorly,  and  with  th*  nui-toid  and  jxjstfrontal  above.  Where 
the  alisphenoids  have  a  greate  r  relative  size,  as  in  the  I*ereh,  and 
whom  the  less  constant  petrosal  decreases  or  disappears,  their 
Connections  are  more  exten-ive:  they  tlicTi  reach  tlie  exoccipitals, 
and  sometimes  even  join  a  small  part  of  the  basioccipital.  In 
the  incompletely  ossified  skulls  of  some  fishes,  e.  g,  the  Pike  and 
the  Salmon  trihe,  the  basal  and  lateral  cranial  bones  are  lined  by 
cartilage,  which  forms  the  medium  of  union  between  them, 
especially  the  lateral  ones  :  in  better  ossified  fishes,  e.  g.  the  Cod, 
the  union  of  the  alisphcnoids  is  by  suture,  partly  dentated,  partly 
squamous.    In  the  Cod  the  second  and  third  divisions  of  the  tri- 
geminal nerre  pass  out  of  the  cranium  by  the  anterior  notch ;  in 
some  other  fishes  they  escape  by  foramina  in  the  alisphenoid :  a 
part  of  the  yestibule  and  the  anterior  semicircular  canal  of  the 
acoustic  labyrinth  usually  encroach  upon  its  inner  concavity, 
whence  some  have  deemed  it  to  he  the  i>etr(»us  bone.    The  chief 
variety  in  the  |>arietals,  figs.  To  and  83  7,  has  been  noted  in  con- 
nection with  the  supcroccipital,  ih.  .3. 

In  some  fishes  the  j)arietal  is  perforated  by  the  *  nervus 
lateralis,*  whi('li  sn] iplles  the  vertical  fins.  The  left  ]>arietal  is 
broader  than  the  right  in  the  UaUbut  and  some  other  fiat  fishes 
{Pleurmu  ('tidoi). 

The  process  for  tlie  attachment  of  the  great  trunk-muscles  is 
deveh.pcd  irom  the  outer  margin  of  the  mastoid,  figs.  83,  85,  s; 
the  inner  side  of  this  bone  is  expanded,  and  enters  slightly  into 
the  formation  of  the  walls  of  the  cranial,  or  rather  of  the  acoustic 
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caTi'ty ;  its  inner,  usually  cartilaginous,  Huriaee  loflrnnpT  part  of 
i>nc  of  the  semlcircuiur  canals.  It  i^  wedged  into  the  interspace 
of  the  ex-  and  par-occipitals,  the  petrosal^  the  alisphenoid,  the 
parietal,  the  frontal,  and  postfiontal  bones.  The  projecting  pro- 
cess lodges  above  tbe  chief  mucous  canal  of  the  head,  and  below 
aflbrdfl  attachment  to  the  epilympanicy  or  npper  piece  of  the 
bony  pedicle  from  which  the  mandibnhur,  hf oid,  and  operoolar 
bones  are  suspended. 

The  crOtosphewnds,  figs.  83^  85,  lo,  are  osaeons  pUtes  usually 
of  m  square  shape,  sometimes  semidrcular  or  semielliptic,  as  in 
the  Cod;  larjrer  in  the  Malacopteri,  fig.  83,  lo ;  very  small  in 
most  Acfiht/tojiteri;  and  sometimes  represented  by  a  descending 
plate  of  the  frontal,  as  in  the  Garpike,  or  by  unossified  cartilage, 
a*  iu  Qiail-cheeked  fishes.  In  the  Carp  their  bases  meet,  like  those 
of  the  alisphen«)ids,  above  the  sphenoid  :  when  osseous  matter  is 
developed  in  the  interorbital  septum  the  orbitosphenoids  are 
articulated  by  their  under  and  anterior  part  to  that  bone  or 
bones,  fig,  83,  lo.*  The  olfactory  nerves  pass  forward  by  the 
ntperior  interspace  of  the  orbitosphenoids  and  the  optic  nerves 
Mpe  by  their  inferior  interspace,  or  by  a  direct  perforation ;  and 
the  eeaential  functions  of  the  orbitosphenoids  relate  to  the  pro- 
tection of  the  sides  of  the  cerebrum  or  prosencephalon,  and  to 
the  transmission  of  the  optic  nerves.  The  orbitosphenoids 
firequently  bound  or  complete  the  foramen  ovale. 

Although  the  frontal  always  enters  into  the  formation  of  the 
cruniiil  cavity,  its  major  part  forms  the  roof  of  the  orbits,  which 
su'.  e-<ory  function  is  the  chief  conditirui  of  the  great  expanse  of 
tills  neural  spine  in  fishes.  Single,  and  sendlmr  tip  a  median  crest 
in  the  Cod,  the  EphippuB,  and  some  other  fi»hes,  tlie  frontal  is 
more  commonly  divided  along  the  median  line,  the  divisions 
hiving  the  form  of  long  and  broad  subtnangular  plates,  fig.  76, 
iMi ;  narrower  in  the  lofiy  compressed  skulU,  smaller  in  those 
with  hffge  orbits,  and  becoming  greatly  expanded  in  the  fishes 
with  flmall  and  dee^Hset  eyes.  Each  firontal  sends  up  its  own  crest 
in  die  Tmmy,*  the  interspace  leading  to  a  foramen,  penetrating  the 
CMual  cavity  in  front  of  the  single  occipital  spine:  a  larger 
fontanelle  exists  in  the  Cobitis  and  some  Siluroids  between  the 
frontal  aiid  parietal  bones.  In  the  Salamandroid  fishes  (e.  g. 
Polypterus)  each  frontal  sends  down  a  vertical  luugitudinai  plate, 

^  Especially  Uoveloped  interorbital  septum,  or  'cruiuul  sethmoid'  of  Cuvier  ia 
^  Bretm  and  Carp,  misled  Bojanoi  into  the  belief  that  it  was  the  body  of  tho 
f'^KBccpbalie  vertebra  (virtobra  optiea>.->/m,  1818,  p.  501. 

'  Badnding  one  of  tlw  doabte  qpina  of  tlia  neiinl  aieh  of  die  at^ 
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which  ro«ts  directly  upon  the  presphenoid,  and  intercepts  a 
canal  along  wliich  the  olfactory  *  crura'  are  continued  forward 
to  the  prefrontals :  the  lateral  parietes  of  this  canal  thus  foim 
not  only  a  complete,  but  a  double  bony  partition  between  the 
orbits.  In  the  Shad  a  corresponding  descending  plate  takes 
the  plaoe  of  the  orbitosphenoid.  In  most  Acanthopteri  an  ol&o- 
tory  groove  is  formed  by  short  vertical  descending  plates  from 
the  under  surfiice  of  the  frontaL  The  nddfrontal  is  single  in 
the  JPIeurcnecHdeB,  but  haa  undergone  more  modification  than 
any  of  the  preceding  bones  in  connection  with  the  general  distor- 
tion and  loss  of  symmetry  of  the  head :  in  the  Halibtit  the  rijiht 
posterior  angle  is  truncated,  and  the  rest  of  that  side  scooped  out, 
as  it  were,  to  form  the  large  orbit  of  the  right  side  :  the  left  side 
of  the  \)one  retains  its  ix  ti  mal  form  :  a  median  crest,  a  contiuuatiou 
of  that  ujKjn  the  superoccipital,  divides  the  two  sides. 

The  poUfrontaUy  figs.  75^  76»  83»  la^  12«  obviously  belong  to  the 
same  category  of  vertebral  pieces  as  the  mastoids,  whose  promi- 
nent crest  they  partly  underlie  and  complete,  lending  their  aid  in 
the  formation  of  the  single  (e.  g.  Cod,  Salmon),  or  double,  (e.  g. 
Pike)  articular  cavities  for  the  tympanic  pedicle:  like  the  mastoids 
they  are  ossified  in  and  from  the  [)rimitive  cranial  cartilage ;  and 
their  inner  surface  is  expanded,  but  this  less  ^quently  enters 
into  the  formation  of  the  cranial  cavity :  they  form  the  posterior 
boundary  of  the  orbit;  are  articulated  below  to  tlic  orbitosphenoid 
antl  alisphenoid,  above  to  tlie  frontal,  and  by  their  posterior  and 
upper  surfaces  to  the  mastoid. 

The  vomer,  figs.  83,  H4,  i.?,  is  wedged  into  the  under  part  of 
the  pres})henoid ;  its  anter»>-lateral  angles  are  articulated  to  the 
prefrontals;  its  upper  surface  supports  the  nasal  bone,  sometimes 
immediately,  sometimes  by  an  intervening  ethmoidal  cartilage. 
The  palatine  bones  abut  against  the  expanded  anterior  part  of 
the  Yomer,  the  under  side  of  which  commonly  supports  teeth. 
The  left  ala  of  the  anterior  end  of  the  vomer  is  chiefly  deveh^ped 
in  the  Halibut  and  other  fiat  fishes.  In  the  Lepidosteus,  the 
vomer  is  divided  into  two»  as  in  BfOrackia,  by  a  median  deft. 
Although  its  posterior  end  joins  obliquely  to  the  under  part  of 
the  presphenoid,  it  is  not,  therefore,  less  a  continuation  of  the 
basicranial  than  is  the  postsphenoid^  which  joins  in  a 

similar  manner  with  the  basioccipital. 

The  prffronUils  defend  and  supjwjrt  the  olfactory  prolongations 
of  the  cerebral  axis,  give  passage  to  these  so-called  '  olfactory 
nerves/  bound  the  orbits  anteriorly,  form  the  surface  of  attachment 
or  suspension  for  the  palatine  bones,  and  through  these  for  the 
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pftlato-maxillary  arch :  they  rest  below  upon  the  presphenoid  and 
viimor,  ciipiidi  t  a^)Ove  the  fore  part  of  the  frontal  and  the  back 
part  of  the  nasal  bones,  and,  by  their  outer  or  facial  extension, 
give  attachment  to  the  large  antorbital  or  lacrymal  bone*  They 
are  ossified  in  and  £rom  pre-existing  cranial  cartilage. 

Such  are  the  essential  characters  of  the  bones  which  Cuvier  has 
oUled  *  frontaux  ant^eures '  ^  in  Fishes^  and  to  which  I  apply  the 
name  iji  *  prefrontal  *  in  all  chuies  of  Vertebrate  animalik  In  the 
Cypiiiioidsy  and  moat  Haleooida^  the  prefrontak  form  part  of  an 
interorbital  septum.  When  adch jlceis  begins  to  prevail  in  the 
cranial  bones  of  Fishes,  the  prefrontals  manifest  their  essential 
relationship  to  the  vomerine  and  nasal  bones  by  becoming  confluent 
with  them:  thus  wc  recognise  the  prefrontals  in  the  confluent 
I>arts  of  the  nasal  vei  iebra  of  the  Conger,  by  the  external  groove 
conducting  the  olfactory  nerves  to  the  nasal  cajjsules,  and  l)v  the 
inferior  process  from  which  the  palatine  bone  is  suspended.*  In 
the  MuTiBmB,  also,  the  prefrontals  are  plainly  confluent  with  the 
nasal,  15,  booOf  and  form  the  well  marked  articular  surfaces  for  the 
palato-mazillary  bone.  In  some  fishes  a  process  of  the  prefrontal 
circiunecribes  the  fiyramen  by  which  the  olfiustory  *  cms'  finally 
emerges  from  the  anterior  prolongation  of  the  oranio-Tertebral 
canaL  In  the  Carp  ihia  part  of  the  brain  traverses  a  deep  notch 
on  the  inner  side  of  the  prefrontal,  fig.  83, 14.  In  the  Cod  the 
palatine  arch  is  chiefly  but  not  wholly  suspended  to  the  prefron- 
tals. The  right  prefrouLal  is  the  auiailest  in  the  unsymmetrical 
skulls  of  the  flat-fishes. 

The  nasal  bone  is  u-ually  single,  and  termiinitt  s  forward  in  a 
thick  obtuse  extremity.  The  anterior  end  of  the  nasal  is  deepest 
in  those  Fishes  which  have  a  small  majullary  arch  suspended  from 
the  cranial  axis  by  vertical  palatinesj  and  which  have  a  large 

*  *  Dcnx  frontaxLx  anUrieureSf  qui  donnent  passage  aox  nerfs  oifucuis,  tVriiicnt  lea 
orbites  ea  arant,  s'appnyent  tor  le  iph^noide  «t  le  Tomer.  el  doonokl  aluche  par  nne 
fiMlle  de  lew  borte  InlSriem  mz  pdftdM.'— X«fOM  itAnoL  Comp.  iL  1837,  p.  60S. 

Compare  this  enanciadon  of  the  easential  characters  of  tbo  anterior  finontali  with 
Coricr's  descriptions  of  the  bones  to  which  he  applies  that  name  in  other  classes,  and 
with  the  variable  determinations  of  the  same  bones  by  other  anatomists  —  k  hcrymat, 
OeofTroy  and  Spix  ;  lamina  cribrom  ethmuidei  of  IktjaDas  {  aeitliche  reichbtiiutf 
Meckel,  Wagner.  Withool  at  praMOt  Mteriog  {nto  the  iMpediTe  merito  or  dameritt 
of  theie  detenninatiooi,  I  dull  onlj  itaM  that  the  pfefroauik,  under  whaierer  namet 
tiiej  are  described,  are  essentially  the  nenrapophjses  of  the  nasal  vertebra,  and  Uiat 
the  faflnre  in  the  attempt  to  <lctt  rmine  the  «p(*cinl  homologiai  of  these  hones  mi^,  la 
everj  case,  be  traced  to  the  non- appreciation  of  tlii  ir  trne  general  Ikuiu  lofjy. 

*  In  the  CoDger,  CuTier  ^  recognises  the  prulroutui;}  m  persistent  cartilages. 
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baslcranial  canal.    In  some  fishes,  as  the  8ahiumiAm,  ihe  nanl  in 

broad  but  not  deep  :  in  Istwphorus  it  is  long  and  narrow :  in  the 
Discololas  and  Lophobranchii  it  is  a  sliort  vertical  compressed 
plate:  it  is  altorrether  absent  in  the  Lopkiiis,  or  is  represented 
here,  as  in  the  jJioddn,  hj  a  fibrous  membrane,  retaining  the 
primitive  histological  condition  of  the  skeleton.  Tn  the  Flying 
Gurnard  the  naaaL  has  no  immediate  connection  witli  the  vomer ; 
but  this  is  a  rare  exception.  In  meet  fishes  the  nasal  cavity  is 
more  completely  divided  by  the  nasal  bone  into  two  distinct  latenU 
fi>6S£e  than  in  any  other  class  of  YertebrateB. 

In  Amia»  Lepido0teii8»  Folyptems,  and  many  extinct  ganoid 
Fishes  the  nasal  is  divided  at  the  median  line,  l^ie  hotn-like  pfKH 
jection  from  the  fore  part  of  the  skull  of  the  NoMeus  umcornU  is 
fmrmed  chiefly  by  a  process  of  the  frontal  bone>  to  the  under  part 
of  which  a  small  nasal  is  articulated. 

The  turbinals,  or  osseous  capsules  of  the  nose,  are  situated  at  the 
sides  or  above  the  nai^al:  the  premaxillary  and  the  maxiUary 
bones  are  usually  attached  to  its  extremity  through  the  medium  of 
a  Bynmietrical  cartilage  which  ia  articulated  with  the  fore  j)art  of 
the  nasal  bone,  and  extends  forward  to  the  interspace  of  the  upper 
ends  of  the  premaxillaries.  This  ^  prcnasal '  cartilage  often  forms 
a  septum  between  the  two  *  osaa  turbinata; '  it  is  partially  ossified 
in  the  Carpw 

The  sense-capsules  are  so  intercalated  with  the  neoral  arches, 
which  are  modified  to  form  cavities  for  their  receptionf  that  the 
demonstration  of  the  skttll  will  be  best  facilitated  by  describing 
them  before  we  proceed  to  the  haunal  arohea  of  the  cranial  verte- 
bra. 

Acoustic  CApsule,  or  petroml,  figs.  81,  83,  85,  16. 

We  have  seen  tluit  the  first  developed  cartilage  upon  the 
primitive  membranous  wall  ni  thc  skull  forms  a  special  protecting 
envelojMJ  for  the  labyrinth,  wliich  alone  constitutes  the  "igan  of 
hearinpf  in  Fishes  (Ammocetes^  fig.  58,  k.).  ]n  the  progressive 
accumulation  of  cartilaginous  tissue  upon  the  base  and  sides  of 
the  cranium^  the  ear-capsule  loses  its  individuality,  and  becomes 
buried  in  the  common  ^ck  basihiteral  parietes  of  the  cranium. 
It  is  blended  with  that  persistent  cartilaginous  part  of  the  skuU  in 
the  Liepidosiren ;  but,  in  the  better  ossified  Fishes^  when  the 
osseous  centres  of  the  neurapophyses  of  the  cranisl  vertebne 
begin  to  be  established  in  that  cartilaginoiis  basis,  a  distinct  bona 
\e  likewise,  in  most  cases,  developed  ^r  the  more  express  defence 
of  the  labyrinth.  Since,  however,  functions  are  less  specialised, 
less  confined  to  the  particular  organ  ultimately  destined  for  their 
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performance  in  the  lower  than  in  the  higher  classes,  we  find  in 
Fislies  several  bones  taking  part  with  the  special  acoustic  capsule 
in  the  lodgment  of  the  labyrinth  ;  and  it  is  only  in  the  higher 
Vertebrates  that  the  capsule,  under  the  name  of  the  'petrous 
bone,'  entirely  and  exclusively  envelopes  the  labyrinth.  Its 
ossification  commences  later  than  that  of  the  cranial  neurapo- 
physes,  in  the  series  of  OssecNis  Fishes :  there  are  species  (e.  g. 
Pike)  in  which,  vher  the  exoccipitals,  ftlisphenoids,  and  orbito- 
sphenoids  have  received  their  destined  amount  of  ossification,  the 
petroeai  still  remains  in  the  eartilaginous  state :  it  is  small  in  the 
Carpiyfig;  83,  u,and  Bream;  in  &e  Perch,  figs.  84, 85,  is,  it  is 
more  doTeloped;  it  is  somewhat  larger  in  tilie  flat-fish  (e.  g. 
Halilmt);  and  in  the  Cod,  fig.  81,  i«,  attains  an  equal  riae  witii 
the  alisphmioid,  ifau  6,  which  it  resembles  in  form,  except  that  the 
notched  margin  is  posterior.  Here  it  forms  the  posterior  lateral 
wall  of  the  cranium  ;  articulates  below  with  the  basiocci])ital  i ,  and 
basisphenoid,  above  with  the  mastoid  8,  and  paroccipital  4,  behind 
with  the  exoccipital  2,  and  before  with  the  alisphenoid  6 :  it  sup- 
ports the  cochlear  division  of  the  labyrintli  containing  the  otolites. 
The  cavity  called  *  otocrane '  lodging  the  petrosal  with  the  rest 
of  the  ear-capsule,  is  formed,  on  each  side,  by  the  exoccipital, 
paroodpital  4,  alisphenoid  s,  mastoid  s,  and  postfrontal  4 :  it  is  some- 
times closed  eztenially,  hat  opens  widely  into  the  cranial  cavily. 

The  optio  eapsnle^  or  Mckrotalf  fig.  81, 17,  like  the  aooostio  cap- 
anle,  is  oartilaginous  in  Flagiostomes,  and  also  in  the  semi-osseous 
fishes,  as  in  most  Gbnoids,  the  Lepidodren,  the  Lophius,  the 
Lfophohrandis  and  Plectognalhes.  In  better  ossified  fishes  it  is 
bony,  and  commonly  consists  of  two  hollow  hemispheroid  pieces, 
euch  with  two  opposite  emarginations  ;  the  inner  ones  circum- 
scribing the  hole,  (analogous  to  the  meatus  intemus  of  the 
jKJtrosal),  for  the  entry  of  the  nerves  and  vessels  to  the  essential 
\yaris  of  the  organ  of  vision ;  and  the  outer  or  anterior  emargina- 
tions supporting  the  cornea.  As  this  part  of  the  skeleton  of  the 
head  retains  its  primitiye  fibro-membranous  condition  in  Man,  it 
18  called  '  the  sclerotic  ooat  of  the  eye ; '  and  the  osseous  plates 
developed  in  it  in  Birds,  many  Reptiles,  and  Fishes,  are  termed 
'sclerotic  bones,'  It  bears,  howeyer,  the  same  essential  relation 
to  the  yascular  and  nervous  parts  of  the  oigan  of  sight,  which  the 
petrous  hone  does  to  Ihose  parts  of  ihe  organ  of  hearing,  and 
whkh  the  turhinal  bones  do  to  the  organ  of  smell:  the  per- 
sistent independence  of  the  eye-capsule,  which  has  led  to  its  being 
commonly  overlooked  as  part  of  the  skeleton,  retates  to  the 
requisite  mobility  and  free  suspension  of  the  organ  of  vision.  In 
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the  Cartilaginous  Fishes,  however,  it  iB  artieulated  hj  meaiiB  of  « 

pedicle  with  the  ui bitosphenoid.    The  osseotn  cavity  or  'orbit* 
ludLHiip;  the  eyeball  is  formed  by  the  presphenoid,  orbitosphenoid, 
frontal  11,  poBttVi)Tit:d  4,  prefrontal  14,  and  palatine  20,  bones:  it 
opens  widely  outwards,  where  it  i?,  often,  further  circumscribed 
by  the  chain  of  suborbital  scale-boue«  below,  and,  but  less  fre- 
quentljt  by  a  superorbital  bone  above.     The  bony  orbits  in  mo^t 
fiahcB  communicate  fireely  together,  or  rather  with  that  narrow 
prolongation  <rf  the  cranial  cavity  lodging  the  olfactory  crura : 
but,  in  many  Maheopteri,  e.  g.  the  Shads  and  £ri/thrmu»,  the 
Citharmus  and  HydroeyoHf  &e  Synbranehwi,  and  the  genus 
Cyprinus,  fig.  83,  an  OBseonB  aeptoniy  18,  divides  tbe  orbit^  ^  In 
the  Amia,  Lepidostens  and  Polypterus  the  orbits  are  divided 
by  a  double  septum,  forming  the  proper  walk  of  tbe  ol&ctory 
prolongation  of  the  cranium,  as  is  the  case  in  the  Batrachia. 

The  olfiictory  capsules,  or  tnrhinah,  fig.  81,  1 9,  are  lodged  in  a 
cavity  called  *  nasal,'  bounded  by  a  variable  number  of  bones,  of 
which  the  vomer,  ib.  i3,  the  prefrontals,  ib.  u,  and  tlie  nasals,  ib. 
15,  are  the  most  constant :  in  many  bony  fishes  the  nasal  chamber 
is  cloeed  behind  by  cartilage,  which  partly  forms  the  interorbital 
septum;  but  in  which,  in  some  species,  a  slender  symmetrical 
bifurcate  (Perch)  or  subquadrate  ossicle  is  developed;  in  the 
Cyprinoid  (fig.  83,  is)  and  Siluroid  Fishee,  it  articulates  below  to 
the  presphenoid,  behind  and  above  to  the  <Nrbitoephenoids,  and 
above  and  before  to  the  firontals  and  prefrontals,  forming  the  chief 
part  of  the  interorbital  septum.    The  capsules  of  the  terminal 
pituitary  expansion  of  the  organ  of  smell  are  cartilaginous  in  the 
Plagios tomes,  Chimairoids,  in  most  Ganoids,  and  in  the  Lepido- 
siren.    They  form  a  single  tube,  with  interrupted  cartilaginous 
parietes,  like  a  trachea,  in  several  of  the  Cyclostomes.    The  tnr- 
binals  :ire  developed  for  the  more  immediate  support  of  ea(  li  ol- 
factory capsule,  in  osseous  fishes  ;  they  are  generally  thin,  mure  or 
less  elongated,  and  coiled  scales ;  situated  at  the  sides  of  the  nasal 
bone  and  of  the  ascending  processes  of  the  premaxiilaries ;  usually 
free,  but  in  the  Gurnards  articulated  with  the  prefrontals  and 
nasal,  and  in  the  Cock-fish  (^r^ryreio^»^  )  suspended  above  the  nasal 
bone,  frtmi  the  snterior  prominence  of  the  frontal  spine. 

The  paUto-nuudllary  arch,  fig.  81,  so,  si,  tt,  h,  presents  a  simple 
and  intelligible  condition  in  the  Lepidosiren  and  Plagiostomous 
fishes ;  in  all  it  is  completed  or  dosed  at  one  point  only,  viz.,  where 
the  premaxillaries  meet  or  coalesce,  fig.  67,  22.  The  palatine  bones 
are  the  piers  of  this  inverted  arch,  and  their  points  of  suspension 
are  their  attachments  to  the  prefrontab,  the  vomerine,  and  th^ 
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nasal  bones.  The  arch  Is  completed  by  the  maxillary  and  pre- 
inaxillary  bones,  the  symphysis  of  the  latter  f(>nnln<r  Its  apex ; 
and  it  is  iuelined  lor  ward,  nearly  or  quite  [uirallel  with  the  base 
of  the  skull ;  which,  in  most  fisiies,  extends  to  the  apex  of  the 
arch,  and  in  some  t\iT  beyoiul  it,  being  usually  more  or  less  closely 
attached  to  it.  In  air-breathing  Vertebrates  the  areh  is  more  de- 
pendent, circnniscribing  below  the  nasal  or  respiratory  oanaL  The 
pterygoid  bones  project  backward  and  outward  as  the  appendages 
af  the  pakttcMDaxill^  arch,  ib.  21.  Both  mazillaxy  and  intermax- 
illaiy  bones  tend  by  their  peeoliar  developement  and  independent 
moTement  in  bony  fisheB  to  project  fireely  oatward,  downward^  and 
backward.  We  find,  at  leaet,  that  the  general  £>nn,  position,  and 
attachments  of  the  single  and  sinifde  palato-maziUary  arch,  in  the 
Lefndosiren  or  Cestracion,  are  represented  in  most  osseous  fishes, 
by  their  several  detached  bones,  the  iiameb  ul  wliicii  have  been 
just  mentioned. 

The  puiatiue  (pleurapophysis  of  nasal  vertebra,  fioT?.  81,  84,  20)19 
an  inequilateral  triangular  Imnp,  tliick  and  strong  at  its  upper 
part,  which  sends  off  two  prot  c  sses  :  one  is  the  essential  point  of 
suspension  of  the  palato-max i  1  lary  arch,  and  articulates  with  the 
pr^rontal  and  vomer  at  their  point  of  union;  the  other  is  convesj 
and  passes  forward  to  be  articulated  to  a  concavity  in  the  superior 
maxillary,  to  which,  in  all  Fishes,  it  affords  a  more  or  less  moveable 
joint.  In  the  Parrot-fishes  and  Diodons  the  articuktion  is  quite 
analogous  to  that  of  the  mandible  below  with  the  tympanic  pedide. 
In  the  Lepidostensy  Amia»  and  most  Ghmoids,  it  is  by  a  suture.  In 
the  Shad  the  palatine  articulates  with  the  premaxiUary  as  well  as 
the  maxUlary.  In  the  Mormyrus  the  palatines  meet,  and  unite 
together  at  the  median  line.  The  posterior  border  is  joined  to 
the  entopterygoid,  fig.  84,  23,  and  it^  outer  angle  tu  tlio  pterygoid. 
The  palatine  contributes  to  form  the  floor  of  the  orbit  and  tlie 
root"  of  the  mouth;  in  many  fishes  it  supports  teeth,  hut  is  eden- 
tuloiiR  in  tlie  Cod.  Tt  varies  much  in  furm  in  different  i^jx  <  ios  ;  is 
slender  and  elongated  in  the  wide-moutliod  voracious  tishes  as 
the  Pike,  and  is  short  and  broad  in  the  broad^hoaded*  small- 
mouthed  fishes* 

The  maxillnnj  (htemapophysis  of  nasal  vertebra,  fig.  81,  21)  is 
usually  a  small  edentulous  bone,'  concealed  in  a  fold  of  the  skin 
between  the  palatine  and  premaadllary:  it  lies,  in  the  Cod,  fig. 
75,  SI,  posterior  to  and  parallel  with  the  premaadllary,  which  it 
resembles  in  form,  but  is  longer  and  thinner  in  most  osseous  fishes ; 
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ilic  upper,  usually  bifurcate,  end  of  the  maxillary,  forms  a  socket 
on  wbdch  the  ascending  or  nasal  process  of  the  premaxillaiy 
glides ;  a  posterior  tubercle  at  this  end  is  attached  to  the  palatine^ 
and  ligaments  connect  the  same  expanded  end  to  the  nasal,  the 
turbinal,  the  Yomer^  and  the  premazillary:  the  lower  and  hinder 
expanded  end  of  the  bone  is  attached  by  strong  elastic  ligament, 
in  which  a  labial  gristle  is  commonly  developed,  to  the  lower  jaw. 

In  tiie  Salmon  and  Herrii^  tribe,  the  Sudis,  fig.  86, 21,  Amia, 
and  most  Gbmoids,  the  maxillary  supports  teeth.    In  the  Plecto- 

ynatlii  (Globe-fish  and  File-fish),  the 
maxillaries  cijalesce  wholly  or  in  part 
with  the  prcinaxillaries.  In  the  T.cpi- 
dosteus  the  contrary  condition  prevails : 
the  premaxillary  and  maxillary  bones 
constitute,  indeed,  a  single  dentigerons 
arch  or  border  of  the  upper  jaw»  as  in 

'^ic.ii.t.d'^.fpti.to.    %       but  are  subdivided  into  many 
numwr  ■*tii  (AivfataM  witm     y^j^j  pieces,  a  condition  which  seems  to 

hare  prevailed  in  some  of  tiie  ancient  extinct  ganoid  fishes.  In 
the  Fulyptemt  the  maxillary  is  large  and  undivided  on  each  side ; 
it  supports  teeth,  and  sends  inward  a  palatine  plate  to  join  the 

vomer  and  the  palatine  bone  ;  thus  acquiring  a  fixed  position  and 
all  the  noiinal  features  of  the  bone  in  hif^her  animals.  The 
maxillary  bone  is  very  dimimuive  in  the  Siliiroid  fishes,  and 
appears,  with  the  premaxillary,  to  be  entirely  wanting  in  certain 
Eels  (  Mrtrtfn  id(r  ). 

The  premaxillary  (hs&mal  spine  of  nasal  vertebra,  figs.  75, 81, 22), 
one  of  a  symmetrical  pair  in  the  Cod  and  most  other  osseous  fishes, 
is  modcrntoly  long  and  slender,  slightly  curved,  expanded  and 
notched  at  both  extremities :  the  anterior  end  is  bent  upward, 
forming  the  nasal  process,  and  is  attached  by  lax  ligaments  to  ibe 
nasal  bone  and  prenasal  cartilage,  to  the  palatine,  and  to  the 
anterior  ends  of  the  maxillary  bones.  The  premaxiUaries  are 
movably  connected  to  each  other  by  their  anterior  ends ;  the  nasal 
processes  are  separated  by  the  prenasal  cartilage,  the  lower  or 
outer  branches  project  freely  downward  and  outward,  ti^.  75,  22: 
the  labial  border  of  each  ])reinaxillary  is  beset  with  teeth,  whilst 
the  maxillary  bone  is  quite  edentulous  in  most  osseous  lislies,  n« 
in  the  Cod,  ib.  2L  In  Diodoii  the  ])reinaxlllaries  and  their 
lameliated  dental  apparatus  coalesce  and  constitute  a  single  sym- 
metrical  beak-shaped  bone:  the  premaxillary  is  also  single  in 
Mormyms,  The  confluent  premaxiUaries  constitute  the  sword- 
like  anterior  prolongation  of  the  snout  in  Xipkias,  and  are  firmly 


Digrtized  by  Google 


ANATOifT  OF.  VEBTSBBATBS. 


119 


and  komorMj  ardcnlated  with  the  prenasal  snd  mjudlkiy  bones^ 

in  both  the  Sword-fish  and  the  Garpike.  The  premaxillaries  are 
commonly  more  extended  in  the  transverse  than  in  the  vertical 
direction ;  but  there  are  many  examples  in  Fishes  where  their  de- 
velopement  is  equal  in  both  directions.  The  vertical  extension, 
which  forms  the  nasal  branch  of  the  premaxillary,  is  of  unusual 
length  in  the  fishes  with  protractile  snouts,  as,  for  example,  in  the 
Piotfels  (Jldemdai),  the  Dories  (Zeus),  and  in  certain  Wrasses,  as 
Cftrinis,  and  eBpQcially  the  £pibulus,  or  Sparus  insidiator  of 
Pallas,  fig.  87«  In  this  fish  the  nasal  bianoh  of  the  intei^ 
maiillaiyy  ib.  8s%  plays  in  a  groove 
on  the  u]^>er  sorfiioe  of  the  skull,  and 
reaches  as  far  bade  as  the  oodput  when 
the  month  is  retracted.  The  descend- 
ing or  maxillary  branch  is  attached 
by  a  ligament,  ib.  22'',  longer  than 
itself,  to  the  lower  end  of  the  maxil- 
lary bone,  ib.  21,  and  consequently 
draws  forward  that  bone,  together  with 
the  lower  jaw,  to  which  the  same  end  Macbaiiifinof  pnMiioiiaiidMtnetioD 
ot  the  maxillary  is  attached  by  liga- 
ment, when  the  long  nasal  bnuM^  of  the  prenuudllary  glides 
forward  out  of  the  epicranial  groove.  The  protractile  action  is 
further  £ivonred  by  a  peooliar  modification  of  the  hjrpotympanic^ 
Ih.  ssy  which^  bj  its  great  length  and  movable  articulation  at 
both  ends,  cooperates  with  the  long  premaxillary  in  the  sudden 
projection  of  the  mouth,  by  which  this  fish  seizes  the  small,  agile, 
aquatic  insects  that  constitute  its  prey.  In  the  Lophius  the  nasal 
processes  of  the  preniaxllhiries  enter  a  groove  in  the  frontal: 
in  the  Uranoscopus  they  also  reach  the  frontal,  playing  upon  the 
email  nasal  bone  and  pressing  it  down,  as  it  were,  uj)on  the 
vomer.  In  the  Dactylopterus  they  penetrate  between  the  nasal 
and  the  vomer,  and  play  in  the  cavity  of  the  rhinencephalic  arch. 
The  diverging  appendage  of  the  palato-maxillary  arch  consists, 
in  Fiahes,  of  the  pterygoid  and  entopterygoid  bones,  which,  as 
ihej  are  the  least  important  parts  of  the  arch,  so  are  they  the 
least  constant:  they  are  wanting,  for  example,  in  the  Synodonf 
Phitystacns,  Ilydrocyon,  and  Lophius;  are  connate  with,  or 
indistinguishable  firom,  palatine  in  most  Salmonoids  and  Eds; 
whilst  in  the  Murasna  a  single  bone,  the  pterygoid,  exists,  but  is 
disconnected  with  the  maxillary  arch.  Most  Fishes,  however, 
present,  as  in  tlie  Cod,  the  two  bones  above  named.  The  ento- 
Vt^rygoid  is  edentulous  in  the  Perch,  £g.  84,  23,  Cod,  and  most 
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other  fishes,  but  is  richly  beset  with  teeth  in  tbe  Arapaima  gigas. 
It  principally  constitutes  the  fl<K>r  of  the  orbit,  its  breadth  de- 
pending much  upon  the  depth  of  that  cavity;  it  soinetiraes  is 
joined  by  its  median  margin  to  the  vomer  and  presphenoid,  as  in 
the  Cod-tribe,  Carp-tribe,  and  Flat-fishes ;  and  to  the  basisphenoid 
in  Lq)idosteu$f  JSrythrinui,  and  P<dypUrui,  and  then  dividea  the 
orbit  from  the  mouth  ;  but  more  commonly  a  TBCui^  here  exists 
in  the  bony  skull*  filled  up  only  by  mucous  membrane  in  the 
recent  fish;  in  Upeneus^  I^^fyprum,  and  CheiUm$,  for  example, 
the  entopterygoid  does  not  join  the  basisphenoid. 

The  pterygoid  forms  in  the  Cod,  fig.  75,  24,  an  inequilateral 
triangidar  ])]atc,  but  more  elongated  than  the  palatine,  with  which 
it  is  duvetailed  anteriorly;  it  becomes  thicker  towards  its  pos- 
terior end,  which  is  truncated  and  firmly  ingrained  with  the 
anterior  border  of  the  hyjK)tympanic :  its  lower  bonkr  \^  smooth, 
thickened,  and  concave;  edentulous  in  the  Cod,  but  more  fre- 
quently supporting  teeth,  as  in  the  Perch.  The  pterygoid  and 
palatine  appear  to  form  one  bone  in  the  great  Sudis,  {Arapaima 
gigasy  fig.  86,  so,  24) :  and  they  are  confiuent  in  the  Eel  tribe. 

The  ten  bones  of  which  the  palato-maxillary  arch  is  composed 
in  Osseous  fishes  are,  in  the  Cod  and  most  other  species,  so  d]»* 
posed,  in  relation  to  the  peculiar  movements  of  the  mouth,  as  to 
appear  like  three  parallel  and  independent  arches,  successively 
attached  behind  one  another,  by  their  keystones,  to  the  fore  part 
of  the  axis  of  the  >kull,  and  with  tlieir  piers  or  crura  suspended 
freely  downward  and  outward,  fig.  75,  22,  21,  except  those  of  the 
last  or  ptery go-palatine  arch,  ib.  23,  24,  hich  abut  against  the 
tympanic  pedicles.  The  simplification  or  confluence  of  the  two 
first  of  these  spurious  arches  is  effected  in  the  Salmonoid  Fishes, 
Sudi«.  fig.  86,  &c.,  by  the  Bhortening  of  the  premaxillary,  and  by 
the  mode  of  its  attachment  to  the  maxillary,  which  now  forms 
the  larger  part  of  the  border  of  the  mouth  and  supports  teeth  : 
the  nuudllaries  are  brought  into  close  articulation  with  the  pala- 
tines in  the  Plectognathes,  and  the  consolidation  of  the  whole 
series  into  its  normal  unity  is  effected  in  the  Lepidosiren.  The 
palatines  form  the  true  bases  of  the  inverted  arch  at  their  points 
of  attachment  to  the  prefrontals ;  the  premaxiUaries  constitute  the 
true  aj^ex,  at  ihcir  nuilual  junction  or  symjjhysis ;  tlie  approxi- 
mation of  wdiich  to  the  anterior  end  of  the  axis  of  the  skxdl  is 
rendered  possible  in  fishes,  by  the  absence  of  any  air-|)a^^^age  or 
nasal  canal;  the  pterygoids  arc  the  diverging  appendages  of  tlie 
arch ;  but  are  attaclied  posteriorly  to  strengthen  the  pedicle  sup- 
porting the  lower  jaw,  and  combine  its  movements  with  those  of 
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the  upper  jaw ;  just  as  the  bony  appenda«xes  of  one  costal  arch  in 
Birds  a>s(Kjiate  its  movements  with  those  of  the  next 

Tfjmpaiio-Jiiandibufar  arch,  ficr.  81,  II,  25 — 32. — This  presents 
its  true  inverted  or  hiemal  character ;  its  apex  or  key-stone  formed 
bv  the  symphysial  junction  of  the  lower  jaw  hanging  downwards 
£reel}r>  below  the  vertebral  axis  of  the  sk  ull .  The  piers,  or  points  of 
suspension,  of  the  arch,  are  formed  by  the  epitympanics :  each  epi- 
tympanic  is  articulated  to  both  the  postBrnital,  is,  and  the  mastoid, 
s,aiMlisdiyidedardficiall7infig.81;  its  articalar  snrftce  is  formed 
in  the  Cod  by  a  single  elongated  condyle,  fig,  75,  ss ;  in  many 
other  fishes  by  a  double  condyle,  one  for  each  of  the  aboye-named 
cranial  parapophyses,  fig.  84,  as.  In  the  Diodon  the  upper  border 
of  the  epitympanic  is  articulated  by  a  dee])ly  indented  suture  to 
the  frontal,  the  postfrontal  and  mastoid  bones:   its  posterior 
iiiiiff^in  sup|K)rts,  as  in  many  other  fishes,  a  circular  articular  Pur- 
iace  for  the  opercular  bone,  fi<]r.  84,35.    1>l1ow  the  cundyle,  tho 
epitym|»aiuc  in  the  Cod,  tig.  75,  becomes  compressed  laterally, 
but  is  much  expanded  firom  before  backward.    The  almost  con* 
Btant  bifurcation  of  both  ends  of  the  epitympanic  in  osseous 
fishes,  for  articulation  with  two  cranial  parapophyses  above,  and 
suspending  two  inverted  arches  below,  ma^e  it  appear  like  a 
coalescence  of  the  uppermost  pieces  of  both  those  arches.  In 
most  fishes  the  lower  end  is  bifid,  and  supports  both  the  man- 
dibniar  and  the  hyoidean  arches;  the  stylohyoid,  %.  81,  ss,  being 
attached  near  the  junction  of  the  epitympanic  with  the  meso- 
tympanic.    The  contiguous  ribs  of  the  Chelonia  are  inmiovably 
connected  toj]^ether  to  ensure  fixity  and  strength  to  the  carapace: 
the  bulky  apparatus  suspended  from  the  parietal  and  frontal  ver- 
tcbrir  of  o><«oous  fishes  demaTuleil  the  additional  strength  in  the 
supjKjrting  axis  which  is  gained  by  the  confluence  of  their  bodies, 
and  also  by  that  of  the  proximal  pieces  of  the  pleurapophyses  by 
which  the  two  hsmal  arches  are  suspended  from  those  vertebne. 
The  anterior  division  of  the  epilympanic  piece  articulates  with 
the  preopercular,  fig*  76,  S4,  the  meso tympanic,  fig.  81,  ss,  and 
pretympanic,  ib..  S7 ;  the  posterior  division  is  again  biforcate  in 
the  Cod,  supporting  part  of  the  preopercular  and  part  of  the 
opercular  bone.   A  strong  crest  projects  firom  its  outer  surfiMSe  in 
this  and  many  other  fishes»    The  epitympanic  is  simple  at  both 
ciiiLs  ill  the  Carp  tribe. 

The  meMoh/mpanie ,  figs.  81,  26,  84,  as,  is  a  slender,  compressed, 
slightly  curved,  elongated  bone,  articulated  by  iis  upper  part  or 
base  to  the  epitympanic  and  preopercular;  by  its  lower  end  to  the 
inner  side  of  the  hypotympanic,  readiing  almost  to  the  mandibular 
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trochlea;  and  by  its  anterior  border  to  tlie  pretympanic.  ib,  h.  The 
mesotympanic  is  confluent  with  the  epi tympanic  in  the  Siluroid,  the 
lVriirff»Tioirl,  and  some  other  fi«he«;  but  does  not  join  tbe  epitympnnic 
in  the  Lepidosteus,  being  in  that  fish  supported  by  the  preopcrcuiar. 

The  pretympmUey  figs.  81,  27,  84,  6,  is  an  oblong  bony  scale, 
with  the  posterior  WBXgai  thickened  and  grooved  for  the  reeeption 
of  the  fore  part  of  the  mesotympahie  and  the  upper  and  fore  part 
of  the  hypfrtympanie.  It  is  confluent  with  the  hypo  tympanic  in 
the  Conger  and  Murana:  it  does  not  join  either  this  or  the  meeo- 
tympanic  in  the  Lepidosteus* 

The  hypotympanic,  figs.  81,  28,  75  and  84,  fsd^  is  a  triangular 
plate  of  bone,  like  the  epitym panic  reversed,  bearing  the  articular 
convex  trochlea  for  the  lower  jaw  upua  its  inferior  apex  and  with 
a  straight  base.  The  posterior  margin  of  the  hypotymjianlc  is 
grooved  for  the  reception  of  part  of  the  preopercular,  ih.  34, 
its  Tinier  side  is  excavated  for  the  insertion  of  the  pointed  end 
of  the  mesotympanic,  and  the  anterior  angle  is  wedged  between 
the  pre^^panic  and  the  pterygoid,  si,  and  is  firmly  united  to 
the  latt^;  the  trochlea  is  slightly  concave  transversely,  convex 
in  a  greater  degree  from  before  backwards.  The  Sly-bream 
(Eptbuhttf  Cuv.),  presents  the  most  remarkable  modificatiim  of 
ihe  hypotympaniC)  fig.  S?,  S8 ;  it  is  much  elongated  and  slender, 
carrying  the  lower  jaw  at  an  unusual  distance  from  the  base  of  the 
ekull,  and  it  is  itself  movably  connected  at  its  upper  end  with  the 
mesotympanic  Thus,  in  the  extensive  protractile  and  retractile 
movements  of  the  mouth,  the  under  jaw  swings  backward  and  for- 
ward on  its  lon<r  pedicle,  as  on  a  pendulum ;  the  lower  jaw  being 
•further  supported  or  bieadied  in  those  movements  by  a  long  ligament^ 
extending  from  the  preoperculiun  to  its  angular  piece,  ib.  /,  so. 

By  the  conMuence  of  the  meso-  and  epi-tympanics,  and  of  the 
pre-  and  hypo-tympanics,  in  the  Eel  tribe*  the  suspensory  pedicle 
of  the  lower  jaw  is  reduced  to  two  pieces,  as  in  Batrachia.  In 
the  Lepidosiren  it  is  represented*  as  we  have  seen*  by  a  single 
oflseous  piece;. but  this  I  regard  as  the  h<»nologue  of  only  the 
lower  hidf  of  the  pedicle  in  the  Jlftcroiue*  viz.  the  confluent  pre- 
and  hypo-tympanic  pieces.  Tins  progressive  simpliflcation*  or 
dinunution  of  the  multiplied  centres  of  ossification  of  the  tympanic 
pedicle  of  Fishes,  even  within  the  limits  of  the  class,  has  mainly 
weighed  with  me  in  rejecting  the  Cuvierian  view  of  its  special 
homologies;  according  to  which,  not  only  the  0qiiamotein|K)ral 
bone  and  the  malar  bone  of  higher  animals,  but  also  the  'symplcctic' 
—  a  peculiar  ichthyic  ])()ne  —  are  superadded  to  the  'tympanic* 
or  quadrate  bone  of  Keptiies  and  Birds*  in  the  foimftticm  of  the 
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snspenfiory  pedicle  of  the  tmcler  jaw  of  Fishes.  Ascending  to  the 
hifjher  ^neralisations  of  lioiHology,  we  see  in  the  tympanic  pedicle 
a  serial  repetition  of  the  palatine  bono  ;  and,  in  both,  tlie  ribs  or 
pletirapophyses  of  contiguduR  vert cl)r;i!  special! v  modified  for  the 
inasticatory  functions  of  the  arclios  they  support. 

The  mandible,  figs.  81,  84,  29,  32,  is  the  lower  portion  of  the 
arch,  being  articnlatod  to  the  hTpotympanics  above,  and  closed  hj 
a  ligamentoiis  union  or  bony  Bjrmphysis  with  its  fellow  at  its  lower 
end.  The  term  ^lamns*  is  applied  in  Anthiopotomy  io  eacb  half 
of  the  numdible,  and  each  xamns  eonsistB  of  two,  three,  or  more 
ineoee  In  dififerent  fishes.  Most  oomnumly  it  eonsists  of  two 
pieces,  one  (hsomapophysis  proper,  29,)  articulated  to  the  suspensory 
jiedicle,  and  edentulous,  anatogons  to  the  maadllary ;  and  the  otfa^ 
(hajmal  spine,  32,)  completing  the  arch,  and  commonly  supporting 
teetli,  like  the  premaxillarv.     In  tlic  Cod,  and  some  other  fishes, 

liiiid  small  piece  m  ^^uperadikd,  at  the  angle  of  the  jjosterior 
piece,  fig.  75,  so.  The  dentary,  32,  is  deeply  excavated,  and 
receives  a  cylindrical  cartilage,  the  remnant  of  the  em1)r\  (>nal 
iia'mal  arch,  fig.  60  a,  d,  and  the  vessels  and  nerves  of  the  tci  th. 
The  Sudis,  fig.  88,  the  Polypterus,  and  Amia»  have  the  spUutr 
like  pliOe  along  the  inner 
surface  of  the  ramus,  called 
'splenial:'  it  supports  teeth 
sad  developes  a  eonnuMd  pro- 
ceis.  In  both  Sudis  and  Le- 
pidostens  there  is  superadded  a 
Buudl  bony  piece,  ib.  99  a,  answering  to  the  snrangnlar  in  Beptiles. 

The  Divcrffinff  Appendage  of  the  tympano-mandibolar  arch 
consists  of  the  iMiues  wiiich  snj)pon  tlie  gill-cover,  a  kind  of  short 
ftnd  broad  fin,  the  mrn  Linents  of  which  regulate  the  passage  of 
the  cnrrt'Mt^  tln\>ugh  the  branrliial  cavity,  opening  and  closing  the 
branchial  aperture  on  eadi  side  of  the  head.  The  fii*st  of  these 
'opercular'  bones  is  the  i)reopercular,  fig.  75  ,  34,  which  is  usually 
the  longest  in  the  vertical  direction.  In  the  Gurnards,  or  *  mailed- 
cheeked  '  Fishes,  fig.  82,  the  preopercular  is  articulated  with  the 
eaonnously  dereloped  suborbital  scale  bone,  73. 

Three  bones  usually  eonstatnte  the  second  series  of  this 
Appendage:  the  upper  one  is  conmionly  the  largest  and  of  a 
triiagular  fimrm,  thin  and  with  radiated  lines  like  a  scale:  it  is 
theoperoukr,  figs.  75, 84,  85 :  in  the  Ck>dit  is  principally  connected 
With  the  posterior  margin  of  the  preopercular,  and  below  with  the 
snbopercular,  ib.  S6 ;  but  it  has  usually,  also,  a  partial  attachment 
to  the  outer  angle  of  the  epitympanic,  fig.  84;  and  b  some- 
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times  ( DiodoUf  Lopkius,  AnfjuiUa)  exclusively  suspended  therefrom. 
Ill  the  Lophius  jHscatorius  the  opercular  is  a  long  and  strong  bone 
suspended  vertically  from  the  convex  epitympanic  comlyle,  and 
with  a  lung  and  sleii<ler  fin-ray  proceeding  from  the  back  part  of 
that  joint.     The  subopercular  fonns  the  cliirf'  |»;irt  of'  the  opcmilar 
fin  by  its  long  backwardly  produced  lower  angle.     The  sul>- 
opercular  bone  in  the  Conger  ia  80on  reduced  to  a  mere  rayv 
which  curves  backwards  and  upwards  like  one  of  the  branchio* 
steals.    The  opercular  itself,  though  shorter  and  retaining  more 
of  its  laminated  fomij  also  showa  plainly,  by  its  length  and  curva- 
tore  in  the  Eela,  its  easentaal  nature  as  a  metamorphosed  ray  of 
the  tympanic  fin.    We  have  seen  that  all  the  fiamework  of  this 
fin  had  the  form  of  ra3r8  in  the  Plagioetomea.   In  Munena  the 
small  uiturcular  bones  articulate  only  to  the  under  half  of  the 
tympanic  pedicle.    The  subopercular  is  wantuig  in  the  Shad. 
The  lowermost  hone,  called  the  interopercular,  figs.  75,  84,  37,  is 
articulated  to  the  preo}>ercular  above,  to  the  subopercular  behind, 
and  usually  to  the  back  ])art  of  the  mandible ;  it  i>  attadied,  also, 
in  the  Cod,  by  ligament  to  the  ccratohyoid  in  lrout«    The  inter- 
opercular and  preopercular  are  the  parts  of  the  ap))cndage  which 
are  most  ekn^ted  in  the  peculiarly  lengthened  head  of  the 
FiUularia, 

The  third  inverted  arch  of  the  skull  is  the  ^hyoidean,'fig.  81,98-41, 
and  is  suspended,  in  Osseous  Fishes,  through  the  medium  of  the  epi- 
tympanic bone,  S5,  to  the  mastoid,  s;  showing  it  to  be  the  hssmal  arch 
of  the  parietal  vertebra.  The  first  portion  of  the  arch,  sty  lohyal,  fig. 
85,  38,  is  a  slender  styliform  bone,  which  is  attached  at  the  upper 
end  by  ligament  to  the  inner  side  of  the  epitympanic,  close  to  it-s 
junction  with  the  mesotympanic,  and  at  the  lower  end  to  the 
apex  of  a  triangular  plate  of  bone,  which  forms  tlio  n|)|)er  portion 
of  the  '  great  cornu.'  I  ;i])piy  to  this  second  piece,  which  is  pretty 
constant  in  iiahes,  the  name  of  epihyal,  ib.  39 :  the  third  longer 
and  stronger  piece  is  the  ceratohyal,  ib,  40.  The  keystone  or 
l)ody  of  the  inverted  hyoid  arch  is  formed  by  two  small  subcubical 
bones  on  each  side,  the  basihyals,  ib^  4t.  These  complete  the 
bony  arch  in  some  fishes:  in  most  others  there  is  a  median 
stylifbm  ossicle,  extended  forward  fixun  the  basihyal  symphysis 
into  the  substance  of  the  tongue,  called  the  glosso-hy  al,  ib.  4S ;  and 
another  symmetrical,  but  usually  triangular,  compressed  bone, 
which  expands  as  it  extends  backwards,  in  the  middle  line,  from 
the  hasihyals  ;  this  is  the  urohyal,  ih.  and  fig.  75,  43.  It  is  connected 
with  the  symphysis  of  the  coracoids,  which  closes  below  the  fourth 
oi  tiic  cranial  inverted  arches,  and  it  thus  forms  the  isthmus  which 
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sepamtet -below  ihe  two  brancbial  apertures.  In  the  Coupler  tlic 
byoidean  arch  is  simplified  hy  the  persistent  ligamentous  ritate  of 
tlie  stylohyal,  and  hj  the  conriuencc  of  the  basihyals  with  the 
ceratohyals ;  a  long  glossohyal  is  articulated  to  the  upper  part  of 
the  ligamentous  S}'mphy8i8,  and  a  Ion?  compressed  urohyal  to  the 
imdcr  part  of  the  same  junction  of  the  hyoid  arch.  The  gloeso* 
hjal  is  wanting  in  the  Muranophis. 

The  Diverging  Appendage  of  the  hyoidean  arch  retains  the  form 
of  eimpLe^  elongated,  slender,  alightlj  carred  rays,  articulated  to 
depressioiis  in  the  outer  and  posterior  margins  of  the  epi-  and 
oerato-liyals :  they  are  called  <  braachioetegak/ or  gillHSOTerxiyB, 
fig.  85^  44,  becanae  they  support  the  membrane  which  doses 
externally  the  branchial  chamber.  The  number  of  these  rays 
varies,  and  thdr  presence  is  not  constant  even  in  the  bony  Fishes : 
there  are  bat  three  broad  and  flat  rays  in  the  Carp ;  whilst  the 
clupeoid  Elops  has  more  than  thirty  rays  in  each  gill-cover :  the 
most  common  number  is  seven,  as  in  the  Cod,  fig.  75,  44.  They 
are  of  enormous  len^^rtli  in  the  Angler,  and  serve  to  support  the 
menibraue  wliich  is  developed  to  form  a  great  receptacle  on  each 
side  of  the  head  of  that  singular  fish. 

The  fourth  cranial  inverted  arch,  fig.  81,  50  —  52,  H,  is  that 
which  is  attached  to  the  par  occipital ;  or  to  the  paroccipital  and 
mastoid ;  or,  as  in  the  Cod,  to  the  paroccipital  and  petrosal ;  or 
as  in  the  Perch,  fig.  85,  50,  and  Shad,  to  the  paroccipital  and 
basioocipital :  thus  either  wholly  or  in  part  to  the  parapophysis 
of  Ihe  ocdpital  Tertebra^  of  which  it  is  esaendally  the  haanal 
ardi;  it  is  usually  termed  the  '  scapular  arch,*  In  the  Eel  tribe, 
where  it  is  very  feebly  developed,  and  sometimes  devoid  of  any 
diverging  appendage,  it  is  loosely  suspended  behind  the  skull ; 
and  in  the  Plagiostomes,  fig.  30,  51,  52,  it  is  not  directly 
attached  to  its  proper  vertebra,  the  occli)ut,  but  is  removed 
further  back,  where  wc  shall  usually  find  it  displaced  in  higher 
Vertebrates,  in  order  to  allow  of  greater  freedom  to  the  move- 
ments of  the  head. 

The  superior  piece  of  the  arch,  *  supra-scapular,'  figs.  81,  85, 
50,  is  bii^cate  in  the  Cod,  or  consists  of  two  short  columnar 
bones,  attached  anteriorly,  the  one  to  the  paroccipital,  the  other 
and  shorter  piece  to  the  petrosal,  and  coalescing  posteriorly  at  an 
acute  angle,  to  form  a  slightly  expanded  disk,  from  which  the 
second  piece  of  the  aich  is  suspended  vertically.  This  piece, 
called  *  scapula,'  ib.  51,  is  a  slender^  straight  bone,  terminating  in 
a  point  below,  and  mortised  into  a  groove  cm  the  upper  and  outer 
ode  of  the  lower  and  principal  bone  of  the  scapular  arch.  The 


Digitized  by  Google 


126  ANATOMY  OF  VERTEBRATES. 

suprascapula  and  scapula  together  represent  the  rib  or  pleur- 
apophysis  of  the  occipital  vertebra ;  they  are  always  confluent  in 
the  Siluroids.    The  lower  bone  *  coracoid,'  ib.  52,  comi)letes  the 
arch.    In  the  Cod  its  pointed  upper  extremity  projects  behind 
the  scapula ;  the  middle  part  developes  backward  a  broad  plate 
giTing  ftttachment  to  the  radiated  i^poidage  of  the  arch:  the 
lower  end  bends  inward  and  forward  gradually  decreasing  to  a 
pdnty  which  is  nsnaUy  connected  to  that  of  the  opposite  ooracoid 
bj  ligament,  and  also  to  the  urohyaL    In  the  Silurid»  the 
ooiacoids  expand  below,  and  are  united  together  by  a  dentated 
sntore.  In  all  Fishes  they  support  and  defend  the  heart,  and  form 
the  firame  or  <  sill '  against  which  the  opercular  and  branchiostegal 
doors  shut  in  closing  the  branchial  cavity  :  they  also  give  attach- 
ment to  the  aponeurotic  diaphragm  dividing  the  pericardial  from 
the  abdominal  cavitv. 

The  bones  of  the  head  being  in  completest  number,  de- 
parting least  from  the  vertebral  pattern,  and  susccj^tible  of  the 
most  intelligible  definitions  in  the  class  of  Fishes,  aflbrd  the  beet 
basis  for  determining  their  homologies  and  fixing  their  nomencln- 
ture  in  the  higher  vertebrate  series. 

§  31.  8kuU  of  Chehma.   If  the  back  part  of  the  skull  of  a 

Turtle  (C^dtme,  fig,  89)  be  compared  with 
ihatof  a  Cod,  fig.  7T,  it  will  be  seen  that  the 
lowest  bone,  i,  ofos  an  ardeular  surfim 
for  the  centrum  of  the  atlas,  passes  for- 
ward, expanding,  to  articulate  with  the 
basisphenoid,  supj^orts  the  *  medulla  ob- 
longata,' and  is  sutimiUy  articulated  above 
to  the  pair  of  bones,  fig.  89,  2, 2,  which  pro- 
tect the  sides  of  the  cpencephalon.  These, 
moreover,  transmit  the  hypo^pMMNHa  and 
vagal  nervea,  develope  each  an  articulation  for  the  nenrapophyseB 
of  the  atlas,  and  converge  above  to  support  the  keystone  of  the 
arohy  8.  We  have,  thus,  unmistakeable  characters  of  the  basU 
ex-  and  super-obeipitalB ;  there  is  also  a  bone,  4,  wedged  b^ween 
the  ex-  s,  and  super-  s,  oocqntals  mesially,  and  joined  laterally 
to  ihe  mastoid,  s :  excavated  on  its  inner  vtaxBuob  by  llie  postero- 
external semicircular  canal,  and  ])roduced  on  ihs  outer  surface  for 
the  insertion  of  the  'biventcr  cervicis'  and  '  com|)lexus' ;  it  is  the 
homologuc  of  the  paroccipital  ('  ocoipltale,  externe,'  Cuvier),  and  ' 
bears  the  same  general  relation  to  the  hindmost  vertebral  ^4egment 
of  the  skuU  which  the  mastoid,  8,  does  to  the  next  segment  in 
advance. 
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In  fig.  9O9  the  oentmm  1,  neurapophyses  9,  and  neural  Bplne 
3,  of  the  epencephalic  arch,  are  seen  from  their  inner  or  cranial 
gurface:  with  the  increasing  bulk  of  the  brain,  the  spine,  3, 
be^ns  to  expand  laterally,  and  tuke  a  greater  share  in  roofing 
over  the  hinder  part  or  epenccphalon  :  the  parapophysis,  4,  is 
excluded  in  this  view.  The  gristly  capsule  of  the  ear-organ  fills 
up  the  otocrane  formed  by  the  bones,  2,  3,  and  6 ;  and  extends 
outward  and  backward  to  enter  the  baaal  cavity  of  4,  the  parw 
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occipital:  were  ossification  to  extend  into  the  acoustic  capsule^ 
either  firom  an  independent  centre^  like  figs.  81,  83,  84,  or 
by  continuous  growth  from  any  of  ike  otocranial  bones,  the  true 

bomologue  of  the  '  petrosal '  or  *  petrous  portion  of  the  temporal 
bone'  of  Anthropotomy  would  be  established.  In  some  Emydians 
there  is  a  small  autogenous  bony  plate  in  the  acoustic  cartilage^ 
close  to  the  foramen  caroticum. 

The  basisphenoid,  5,  continues  forward  the  series  of  cranial 
centrums,  expands  beneath  the  cnmial  cavity,  articulates  on  each 
aide  with  the  alisphenoid,  6,  and  sends  out  from  its  under  and 
lateral  surface  a  plate  to  articulate  with  the  pterygoids,  fig.  98  b,  24, 
and,  in  the  Emys,  with  the  petrosal.  The  alisphenoid,  6,  fig.  90» 
protects  the  aide  of  the  meioncephalon  (optic  lobe)^  is  widely 
notched  anteriorly  by  the  emerging  divisions  (2nd  and  3rd)  of  the 
trigeminal  nerve,  is  perforated  posteriorly  by  a  filament  of  the 
acoustic  nerve,  where  it  joins  the  cartilaginous  petrosal ;  it 
articnJates  above  with  ilie  mastoid,  8,  and  parietal,  7,  and  in 
front  with  the  orbitosphenoid,  11.  The  anterior  semiclrcuhir 
canal  is  partly  lodged  in  the  cavity  of  the  otocrane  contributed 
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by  the  alisphenoid.  Thus  in  the  bone  6,  we  have  all  the  characters 
of  that  so  numbered  in  figs.  81,  83,  and  85,  and  called  *  ali- 
ephenoid  '  in  the  fish.  The  chief  modification  is  due  to  the  greater 
developement  of  a,  fig,  90,  in  Ciuiionia,  which  oyerlaps  6  as  well 
as  2. 

The  parietals,  figs.  90,  91,  are  united,  as  in  Cyprinoid  and 
Ganoid  fishes,  by  the  sagittal  suture^  and  are  much  expanded  both 
fzansTersely  and  longitudinally^  0Terlapping»  in  the  Turtle,  the 


superoccipital,  fig.  90,  3,  and  articulated  with  it  and  tlie  mastoids, 
£g.  91,  8,  behind;  and  with  the  frontals,  ib.  ii,  before.  Each 
parietal,  also,  sends  down  a  long  vertical  plate,  7',  fig.  90,  which 
unites  with  the  aiisphenoid,  6,  and  orbitosphenoid,  lo^  this  osaifica- 
tion  taking  the  place  and  function  of  the  latter  nenrapopIiyBes  in 
fishes* 

The  bone,  figs.  89«  91^  whidi  articulates  with  the  paroooipital 
4,  parietal  7,  and  postfrontal  is,  which  afK>rd8  the  surface  of  attach- 
ment to  the  upper  end  of  the  tympanic  28,  enters  into  the  for- 

matiuu  of  the  acoustic  chamber  in  some  Emydiaus,  and  projects 
outward  and  baclovard  to  give  insertion  to  the  latissimns  culJi 
and  trachelomastoidf  us,  repeats  the  chief  and  essential  characters 
of  the  bone  so  numbered,  and  called  *  mastoid'  in  Fishes,  figs.  75, 
76,  83,  85j8:  and  forms  the  transverse  process  of  the  parietal 
vertebra. 

The  forward  continuation  of  the  vertebral  bodies  firom  s  remiuns 
cartilaj^ous:  the  lower  half  of  the  sides  of  the  proeencepbalon 
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are  defended  partly  by  fibro-cartilajj^e,  partly  by  the  exogenous 
descending  lamcllfe,  of  the  parietali» ;  there  arc  no  separate  ossifi- 
cations answi  ring  to  9  and  lo  in  fishes.*  The  frontiils,  figs.  90,  91, 
11,  are  supjK)rtcd  like  an  arch  between  the  parietais  7  and  pre- 
frontals, 14 :  and  each  sends  down  a  longitudinal  lamella,  bound- 
ing tlie  aides  of  tlie  narrow  anterior  continuation  of  the  brain- 
chamber,  as  in  I\flypteru8i  but  continued  by  an  unossified  plate  to 
the  cartilaginous  presphenoid  and  Yomer  below.  The  postfrontal, 
fig.  91  f  It,  extends  fkom  its  connections  with  the  frontal  ii,  and 
parietal  7,  downward  and  backward  to  unite  with  the  mastoid^ 
in  the  Turtle*  and  with  the  malar*  9<>  and  squamoeal,  S7*  in  all 
Ckeiomeu  It  forma  the  poeterior  boundarj  of  the  orbit»  but  does 
not  contribute  moj  share  to  the  proper  cranial  walls. 

The  median  symmetrical  bone,  fig.  90,  13,  which,  like  a  }i  \  pa- 
pophysis,  is  develo[)ed  in  the  lower  pai  L  or  production  of  the 
Dotochordal  capsule,  which  undcrlaps  die  anterior  end  of  the 
basi-pre-sphenoid,  5,  by  its  narrow  hinder  part,  —  expanding  a.<  it 
advances  to  articulate  with  the  prefrontals,  14, — having  the  })ala- 
tine  bones,  iV).  20,  abutting  against  the  broad  anterior  part,  and 
entering  by  its  under  surface  into  the  formation  of  the  roof  of  the 
mouth*  fig.  98  n,  71,  repeats  the  essential  characters  of  the  bone  so 
numbered  and  termed  '  vomer '  in  Fishes,  figs.  81*  83*  84*  85,  13 ; 
and,  like  it,  represents  the  centrum  of  the  foremost  segment  of  the 
▼ertebral  series.  The  Tomer  is  su^le  in  Ckelonia^  aa  in  most  fishes. 

The  bones*  fig.  90*  u*  in  neurap^ihysial  relation  with  the  vomer* 
protecting  the  sides  of  the  rhhiencephalon  or  olfiMStoiy  bulbs* 
entering  into  the  anteroHiuperior  boundary  of  the  orbit,  forming 
part  of  the  sur&ee  of  attachment  of  the  palalines,  supporting 
the  fore  part  of  the  frontals,  and  connected,  but  more  conunonly 
connate,  with  the  na,sals,  i1).  15,  fig.  91,  u,  repeat  the  essential 
characters  of  the  prefrontals  of  Fishes,  figs.  83, 85,  H.  Connate,  as 
in  Chclonia  they  usually  are,  with  the  nasals,  their  outer  ex|)an(led 
plate  unites  with  tlie  maxillary,  fig.  91,  21,  and  compietes  the 
upper  border  of  the  nostril,  I8. 

The  palatines,  figs.  90,  98  li,  20,  form  the  sides  of  the  roof  of  the 
mouth,  articulating  medially  with  the  vomer,  is,  »,  and  Laterally 
with  the  maxillary*  ai,  and  pterygoid,  24.  The  maxillary,  figs. 
90*  91,  21 ,  presents  a  palatal*  facial*  and  orbital  plate.  The  palatal 
plate*  fig.  98  B,  21,  devclopes  a  masticatory  ridge  parallel  with  the 
sharp  alveoUur  border.  The  facial  plate*  fig.  91*  ai*  shows  the  con- 
nections with  the  prefronto-nasal*  u*  the  premaxillary*  ss*  and  the 
malar*  S6 ;  the  orbital  plate  is  usually  perforated  by  the  lacrymal 
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canal,  the  bone  so  called  being  ossified  continuously  ,  as  a  process, 
from  the  maxillary.  The  premaxiUariee,  figs.  90, 91 , 22,  closmg  the 
arch  anteriorly,  nre  very  small  in  all  Oulonia,  and  the  sutures 
marking  them  off  from  the  maxillarics  are  wanting  in  some 
Mud-turtles  (TWronyr  longicollisy  Fitz.  Trionyx  Bilnroni):^  the 
premaxillary  part  of  ^e  facial  profile  is  vertical  in  many  CkdmUa, 
as  in  fig.  91 :  but  in  Tetnmyx  it  extends  from  tiie  nostril  down- 
ward and  backward — the  reverse  of  prognathism* 

The  pterygoid,  fig.  90,  24,  diyerges  firom  the  vomer  and  paJ*- 
tane,  or  from  the  palatine  and  maxillary,  fig.  98  b,  backward  and 
outward:  uniting,  in  Chelone,  with  it^  fellow  below  the  basi- 
sphenoid,  fig.  90,  5,  and  diverging  outwaul  aiul  Uackward  to  abut, 
at  a,  against  the  tympanic,  28.  In  some  Soft-turtles,  e.g.,  Triont/x 
(^Gymnopua)  indici/Sy  the  vomer  is  directly  continued  from  thebasi- 
pre-sphenoid,  and  divides  the  pterygoids  from  each  other. 

A  second  outer  bar  of  bone,  fixing  the  maxillary  arch  to  the 
tympanic^  is  present  in  all  Chelonia,  and  divided  into  two  pieces. 
The  proximal  piece,  fig.  91,  26,  is  articulated  with  the  maxillary, 
St,  enters  into  ^e  lower  and  back  part  of  the  orbital  border,  unites 
superiorly  with  the  postfrontal,  island  posteriorly  with  the  second 
pece,  97.  To  the  bone,  86,  the  term  *  malar'  is  given;  to  the 
bone,  S7,  the  name  *  squamosal.'  The  latter,  resembling  a  vertical 
scale  or  plate,  articulates  above  with  the  postfrontal,  is,  and 
mastoid,  s ;  and  behind  with  the  tympanic,  ss.  It  completes  t^e 
arch  called  *  zygomatic,'  bounding  externally  the  temporal  foeaa, 
which  is  roofed  over  by  bone  in  the  Turtles  (figs.  69  and  91),  and 
a  few  Emyds ;  but  is  widely  open  above  in  other  Chelonia, 

The  tympanic  pedicle  is  a  single  bone,  fig.  91,  28,  expanded  above, 
with  a  more  or  less  circular  border  for  the  insertion  of  the  mcm- 
brana  tvmpani ;  excavated  internally  by  the  tympanic  air-cells ; 
notched  behind  for  the  reception  of  the  columellar  stapes,  jii?  in 
the  Turtle?,  fig.  91  ;  with  a  narrower  cleft  in  Tttra/n/j-,  and  with 
the  borders  uniting  in  the  Tortoises  and  some  other  Chelonia, 
reducing  the  sta[)cdial  passage  to  a  foramen  or  canal,  fig.  92,  28. 
The  lower  end  of  the  tympanic  supports  a  transversely  extended 
condyle  with  an  undulated  or  nearly  flattened  surface.  The  tym^ 
panic  articulates  above  with  the  paroocipital,  fig.  89,  4,  in  some 
species  with  the  alisphenoid,  in  others  with  the  snpeioccipital,  as 
well  as  with  the  mastoid,  ib.  and  fig.  91,  8. 

The  mandible  consists  of  an  '  articular*  element,  small,  but  dis* 
tinct  in  the  Turtle,  fig.  91,  ao;  connate  in  JEmys  with  the  'sunn- 
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gohr,'  fig.  92,  29  ;  of  an '  angular '  oontinned  into  a '  8plenial»*  ib.  80 ; 
of  a'oonmoid,'  ib.  is/;  and  of  a  ^dentary/  ib.  89.  All  ChelorUa 
are  edentciloiis:  the  alveolar  bozdera  of  both  upper  and  lower 
jam  are  aheadied  with  horn:  but  in  a  few  species^  especially  the 
soft  turtles  (  Trioni/x,  Teironyx)  these  borders  are  notched  or  pro- 
dneed  into  tooth-like  processes.  The  dentary  elements  coalesce 
at  the  symphysis;  which,  in  the  Snappers,  especially  Clielydra 
(^CheloHura)  Temminckii,  is  produced  into  a  sharp  hook. 

The  hyoid  arch  consists  of  a  basihyal^  fig.  92,  41,  a  pair  of  short 

02 


in 


processes,  ib.  giving  attachment  to  the  genio-  and  hyo-glossi 
mnscles :  of  a  pair  of  long  ceratohyals,  40,  by  which  the  arch  is 
tospended  to  the  mastoids  ;  and  of  a  pair  of  hyobranchials,  47.  To 
complete  the  series  of  skull-bones  homologous  with  those  of  the 
fish,  represented  in  fig.  81,  it  is  necessary  to  bring  forwa^  the 
flcapnlar  arch  which  had  receded  a  short  distance  firom  its  yertebra 
in  the  BairaehUiy  fig.  42,  ss,  firom  a  more  remote  position  in  the 
Chelomai  we  then  find  that  si,  fig.  92,  answers  to  the  scapula, 
fig.  81, 51 ;  and  that  52,  fig.  92,  answers  to  the  coracoid,  fig.  81,  58 : 
Ae  diverging  series  of  many-jointed  rays  in  the  fish,  fig.  81,  are 
now  developed  into  the  fore-limb,  fig.  92,  5s  58. 
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In  this  figure  the  several  bones  of  the  head  of  the  European 
Box-terrapene  (^Emys  £urop<Ba,  Wgl.)  are  represented,  disarti- 
ctdated^  in  a  side  view  of  their  vertebral  relations.  Beneath  the 
Boman  figure,  i,  are  the  centrum,  i.  neuiapophysiB,  2,  neural 
spine,  3,  and  parapophysis  4,  forming  the  neural  (epencephalic) 
arch ;  with  the  pleurapophysis,  01,  and  hfemapophysis,  ss,  forming 
the  haemal  (scapular)  arch,  with  its  appendage,  of  the  occipital 
vertebra.  Beneath  ii  are  the  centrum,  5,  the  neurapophysis, 
6,  the  neural  spine,  7,  the  parapophysis,  8,  forming  the  neural 
(mesencephalic)  arch  :  from  8  is  su8i>endecl  by  an  unossified 
j)leiirapophysis  the  haemaju)|»hy.sis,  40,  the  hajmal  spine,  4i,  with 
the  ap])endage,  47,  of  the  hieinal  (hyoidcan)  arch  of  the  parietal 
vertebra.  Under  TTI  arc  the  neura|K)j)liypis,  10,  neural  spine,  11, 
and  parapophysis,  12,  forming  the  neural  (prosencephalic)  arch ; 
with  the  pleurapophysifl,  28,  and  composite  hoemapophysis,  29  —  32, 
Arming  the  htemal  (mandibular)  arch  of  the  frontal  vertebra,  of 
which  the  centrum  is  not  an  independent  ossification.  Beneath 
ly  are,  the  centrum,  13,  the  connate  neurapophyses  and  neural 
spines,  14,  forming  the  neural  (rhinencephalic)  arch;  with  the 
pleurapophysis,  so,  luemapophysis,  si,  and  hieroal  spine,  as, 
forming  the  haemal  (maxillary)  arch  of  the  nasal  vertebra.  The 
diverging  ap])endages,  for  tiie  fixation  of  this  hasmal  arch  are 
more  developed  than  in  Fishes,  where  it  retains  more  of  its 
typical  mobility.  Besides  tlie  appendage,  24,  of  the  pleurapo- 
physis, there  is  now  another,  extending  in  two  successive 
8egmtiit.>,  26  and  27,  from  the  haimapophysLs.  The  S])lanehnic 
ossicle,  ig',  i<5  part  of  the  acoustic  organ:  the  circle  of  bones,  17, 
belong  to  the  visual  organ.  Such  are  the  *  general  homologies  ' 
of  the  bones  of  the  chelonian  head,  in  reference  to  the  vertebrate 
archetype,  fig.  21.  Compared  with  bones  of  the  piscine  head, 
fig.  81,  previously  named  and  characterised,  those  of  fig.  92  are : — 

1.  Basioccipital. 
8.  Exoccipital. 
8.  Superocdpital. 

4.  Paroccipital. 

5.  Basisphcnoid. 

6.  ^VJispheuoid. 

7.  Parietal. 

8.  Mastoid, 

9.  Prespheuoid  (unossified). 

10.  Orbitosphenoid  (in  great  part  cartilaginous). 

11.  Frontal. 

18.  Post^ntal. 
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13.  Vomer. 

14.  Prefrontal  (with,  15,  nai^al,  distinct  in  some  Chelonia). 

16.  (Petrosal,  unossified  from  au  independent  centre);  le',  a 
superadded  ossicle,  *  stapes,*  'columella*;  with  a  gristly  represen- 
tative of '  malleus ; '  in  special  relation  to  au  organ  of  licaring;  affected 
hy  vibrations  of  air:  superadd  td  to  all  the  bones  developed  in  and 
from  the  embryonic  iiasmai  arch  called  '  Meckel^B  process.* ' 

17.  Sclerot^s. 

19l  Turbinal  (unossified). 

90.  Palatine. 

91.  Maxillary. 

92.  PremaxUlary. 

94.  Fterygoid,  with  OBsificatioii  extending  into  the  seat  of  9S« 
ento-pteiygiotd. 

t6.  Makr  (not  answering  to  the  bone  00  numbered  in  fig.  81). 

27.  Squamosal  (ib.  these  bones  do  not  exist  in  Fishes). 

28-  Tympanic  (here  a  single  bone ;  its  subdivisions  are  25 — 2S 

ill  lig.  81). 

29.  Articular  with  Surangular. 
29'.  Coronal. 

30.  Annrular  with  SpieniaL 
32.  Dentary. 

40.  CeratohyaL 

41.  Basihyal. 

47.  Cerato-branchiai^  (or  '  thyrohyal  *  in  reference  to  the 
larynx  of  air-breathers,  a  new  deyelopement  upon  the  vestige 
of  the  branchial  apparatus  of  fishes). 

50L  Suprascapola  (unossified). 

51.  Scapula. 

58.  Coraooid. 

52'.  Acromial  process  of  scapula. 

^3.  i  lmuerus  (rarely  a  separate  ossification  in  Fishes). 

54.  Ulna, 

55.  Kadius. 

56.  Carpus. 

57.  58.  Digital  rays. 

The  chief  differences  in  r^ard  to  the  presence  and  absence  of 
bones  between  the  Tortoise  and  the  Fish  are  seen  in  those 
belonging  to  the  category  of  '  diverging  appendages : '  thus  the 
*  branchiostegals/ 43,  imd  'opercuhirs/ 34  — 37,  fig.  81,  are  sup- 
pressed in  the  Beptile;  while  the  'mahur/  36,  and  squamosal, 
97,  are  not  developed  in  the  fish.  Some  minor,  but  interesting, 
modifications  of  mnial  stnictore  present  themselves  within  the 
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limits  of  the  Chelonian  order.    "Figs,  90  and  91  exemplify,  tiuit 

which  prevails  iji  the  marine  species  (  Chelone).  In  them  the  head 
is  i)roportionally  lurn;t?r  ;  and,  being  incapable  of  retraction  within 
tlie  carapace,  is  aihhtionally  protected  by  exteii^iun  of  bone  into 
the  fascia  covering  the  temporal  muscles,  so  as  to  form  a  t  omplete 
osseus  vaulted  roof  over  the  temporal  fossa?,  due  to  exogenous 
growths  from  the  po6ttroiitaU>  %•  91,  12^  the  parietaU,  7,  and  tlie 
mastoids,  8. 

In  the  almost  sole  instance  in  which  Buch  aooessory  defence  is 
afforded  to  a  non-marine  speciea — tlie  Brazilian  Fipitu  {Poda* 
enemis  expansa)  —  the  temporal  roof  is  chiefly  formed  bj  the 
parietab,  and  is  completed  laterally  by  a  larger  proportion  of  the 
squamosal  than  of  the  postfrontal,  which  does  not  exceed  its 
relative  nze  in  other  Terrapenes.  The  present  species  further 
differs  from  the  marine  Turtles  in  the  non-ossification  of  the 
vomer  and  the  consequent  absence  of  a  septum  in  the  posterior 
nostrils  :  in  the  greater  breadth  of  the  pterygoids,  which  send 
out  a  compressed  rounded  process  into  the  temp  lal  depressions: 
the  orbits  also  are  much  smaller,  and  are  bounded  behind  by 
orbital  processes  of  the  postlroutal  and  malar  bones:  the  mastoids 
and  paroccipitals  are  more  produced  backward,  and  the  entire 
skull  is  more  depressed  tlian  in  the  Turtles.  In  otlier  ireshwater 
Tortoises  {Emys,  &c.),  the  parietal  crista  is  continued  into  the 
occipital  one  without  being  extended  over  the  temporal  fossse; 
the  fascia  covering  the  muscular  masses  in  these  foss»  nndei^ing 
no  ossification.  The  bony  hoop  for  the  membrana  tympani  is 
incomplete  behind,  and  the  columelliform  stapes  passes  through  a 
notch  instead  of  a  foramen  to  attain  the  tympanic  membnuie. 
The  mastoid  is  excavated  to  form  a  tympanic  auHDclL 

In  the  true  Tortoises  the  temporal  depressions  are  exposed,  as  in 
the  Terrapenes;  the  head  is  proportionally  small  and  can  be 
withdrawn  beneath  the  j)rotective  roof  of  the  carapace.  The  skull 
is  rounder  and  less  depressed  than  in  the  Ternii)ene8.  The 
tym|)anic  liuop  is  notched  behind,  but  the  columelliform  stapes 
ptisses  through  a  small  foramen.  The  palatine  processes  of  the 
maxillaries  arc  on  a  plane  much  l)elow  that  of  the  coutiuuatiou  of 
the  basis  cranii  formed  by  the  vomer  and  palatines. 

In  the  soiVturtles  {Trionicida)^  the  skull  is  long,  depressed, 
triangular,  the  muzzle  forming  the  obtuse  apex,  and  the  base 
remarkable  for  its  four  backward  prolongations.  The  inferior  of 
these  is  the  shortest,  and  terminates  in  ^e  ocdpttal  condyle ;  the 
superior  is  the  longest,  and  is  formed  by  the  snperocoipital  spine : 
the  two  lateral  processes  are  developed  from  the  paroccipitals  and 
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maiitmdfl.  The  premarillary  is  either  wanting,  or  it  ia  very  small^ 
and  lepfeaented  by  its  alveolar  border  only;  the  nuudUariea 
meetang  aboTe  it.  The  alveolar  borders  of  both  upper  and  lower 
jawa  show  a  regular  series  of  Yascular  pits  or  foraiDina»  indica» 
tive  of  the  primitive  separate  matrices,  like  those  of  teeth,  which 
laid  liie  foundation  in  the  young  animal  of  the  continuous  homy 
coverings  oi  the  jaws. 

Temminck's  Snapper  (Cheloiiura  Temminchii)  is  remarkalilc  for 
the  upper  convexity  and  enormous  expanse  of  the  cranium,  chiefly 
due  to  the  temj)oral  fossje,  contrasted  with  the  short  and  narrow 
face.  In  a  fossil  chck)nian  from  the  Portland  stone  (  Ch.  planiceps) 
and  in  another  from  the  Chalk  (CV*.  pulchriceps)  the  nasals  were 
distinct  itonsk  the  prefrontals^  which  is  a  rare  exception  in  existing 
•peoies* 


08 


{  32.  SkuU  of  QroeodiUa.-'TnBaDg  next  to  the  skull  of  the 
Crocodile,  we  find  the  first  difference  in  the  less  oomi^ex  oondition 
of  the  epencephalio  arch,  fig.  93,  N  i,  which  conrists  of  four,  instead 
of,  as  in  the  Fish  and  Turtle,  six  bones.  The  bariocoiptal,  figs.  93 

and  94,  i,  presents,  like  the  centnuns  of  the  trunk,  a  convexity  at 

its  posterior  articular  surface  ;  but  its  anterior  one,  like  the  hind- 
most centrum  of  the  sacrum,  unites  with  the  next  centrum  in  ad- 
vance, ib.  5,  by  a  flat  rough  sutural  surface.  Like  most  of  the  cen- 
trums in  the  neck  and  beginning  of  the  back,  that  of  the  occiput 
developes  a  hypai>ophysis,  but  this  descending  process  is  longer  and 
larger.  The  exoccipitals,  ib.  a,  articulate  suturally,  like  the  neur- 
apophyses  of  the  trunk,  with  the  upper  and  kteral  parts  of  their 
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centrum;  are  ooncave  medally,  £g,  94, 2,  towards  the  brain-eegme&t 
which  they  protect^  meeting  above  it  to  support  the  neural  spine,  s ; 
they  deyelope  a  petrosal  plate,  which  meets  a  corresponding  one 

from  the  alisphenoid;  they  give  exit  to  the  vagal  and  hypo- 
glossal nerves,  and  send  outward  a  stronir  process,  fig.  93,  4, 
which  articulates  with  the  mastoid  and  t}  iii]>anic.  The  anterior 
UTul  inner  part  of  the  base  of  this  procesa  is  excavated  by  part 
ot  tlie  acoustic  cavity  :  its  outer  t  xUemity  i?  rougli  tor  the  attach- 
ment of  muscles  :  it  thus  repeats  the  essential  characters  of  the  *  par- 
occipital '  in  the  Fish  and  Turtle ;  but  it  is  ossified,  as  an  exogenous 
transverse  process,  from  the  neurapophysb  (exoccipital,  2).  The 
superoccipital,  figs.  93  and  94,  3,  is  broad  and  flat»  like  the 
similarly  detached  neural  spine  of  the  atlas ;  it  advances  a  little 
forward,  beyond  its  sustaining  neurapophyses,  to  protect  the  upper 
surfiice  of  die  cerebellum ;  it  is  traversed  by  tympanic  air-cells* 
and  assists  with  the  ex-  and  par-occipitals,  2,  4,  in  the  formation  of 
the  ear-chamber. 

Proceeding  with  the  neural  arches  of  the  Crocodile's  skulK  if  we 
dislocate  tlie  segment  in  advance  of  the  occiput,  fig.  93,  n  2,  we 
bring  away,  in  connection  with  the  lonp:  baf*e-l)one,  5,  the  lK)ue,  9. 
The  two  connate  cranial  centrums  uni-r  be  artificially  divided,  in 
order  to  obtain  the  segnients  distinct  to  which  they  belong.  The 
hinder  portion,  5,  of  the  great  base-bone,  which  is  tlio  centrum  of 
the  parietal  vertebra,  is  the  basisphenoid.  It  supports  that  part 
of  the  *  mesencephalon*'  which  is  formed  by  the  lobe  of  the  third 
ventricle,  and  its  upper  surface  is  excavated  for  the  pituitary 
prolongation  of  that  cavity.  The  basisphenoid  developes  from  its 
under  surface  a  *  hypapophysis*'  which  is  suturally  united  with  the 
fore  part  of  that  of  the  basiocci}  )i  tal ,  but  extends  further  down,  and  is 
similarly  united  in  front  to  the  *  pterygoids,'  fig.  94 ,  u.  These  rough 
BUtural  surfaces  of  the  long  descending  process  of  the  basisphenoid 
are  very  characteristic  of  that  centrum,  when  detached,  in  a  fossU 
state.  The  neurapophyses  of  the  parictiil  vertebra,  fi,  r,,  the  ali- 
sphenoids,  protect  the  pides  of  the  mesencephalon,  and  arc  notched 
at  their  anterior  margin,  for  a  conjugational  foramen  transmitting 
the  trigeminal  nerve.  As  accessory  functions  they  contribute,  like 
the  corresponding  bones  in  fishes,  to  the  formation  of  the  ear- 
chamber.  They  have,  however,  a  little  retrograded  in  position, 
resting  below  in  part  upon  the  occipital  centrum,  and  supporting 
more  of  the  spine  of  that  segment,  s,  than  of  their  own,  7.  The 
spine  of  the  parietal  vertebra  (parietal,  figs.  93, 94, 95, 7),  is  a  sbgle, 
depressed  bone,  like  that  of  the  occipital  vertebra;  it  completes 
the  mesencephalic  arch,  as  its  crown  or  key4xHie;  it  is  partially 
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excavated  by  the  tympanic  air-cells,  and  overlaps  the  superoccipitaL 
The  bones,  ib.  8,  8,  wedcred  between  6  and  arc  developed  from 
independent  centres,  aiul  preserve  their  individuality,  as  iu  Fishes. 
They  form  no  part  of  the  inner  walls  of  the  craninm,  but  are 
partially  excavated  by  the  tympanic  cavity,  and  send  outward  and 
backward  a  stronnr  transverse  process  for  muscular  attachment. 
They  aiibrd  a  ligamentous  attachment  to  the  hffimal  (hyoid,  fig. 
93»  H  4o)  arch  of  their  own  segment,  and  articulate  largely  with 
the  pleiuapophjBes,  (tympanic,  ib.  as),  of  the  antecedent  haemal 
afch,  whose  more  backward  displacement^  in  oompariflon  with  its 
pc^tion  in  the  fish'a  sknll,  is  well  iilnstrated  in  the  metamorphosis 
of  the  Frog,  figs.  69  a  and  71. 

On  removing  the  neoral  arch  of  the  parietal  vertebra,  after  the 
section  of  its  confluent  centrum,  the  elements  of  the  corresponding 
arch  of  the  frontal  vertebra,  fig.  93,  N  iii,  are  seen  to  present  the 
same  arrangement.  The  compressed  produced  centrum  (presplie- 
iM  ud,  ib.  y)  has  its  form  modified  like  that  of  the  vertebral  centrums 
at  the  opiK»site  extreme  of  the  body  iu  many  birds.  The  neiirapo- 
physes  (orbitosphcnoids,  ib.  lo)  articulate  with  the  Ti]>per  part  of 
9 ;  they  are  ex})anded,  and  smoothly  excavated  on  their  mucr  suriacc 
to  support  the  sides  of  the  large  prosencephalon,  showing  more 
plainly  their  archetypal  character  than  in  Chelania ;  they  dismiss 
the  optic  nerves  by  a  notch.  They  show  the  same  tendency  to  a 
retrograde  change  of  position  as  the  nei^bouring  neurapophyses, 
6 ;  for  though  they  support  a  greater  proportion  of  their  proper 
spine,  11,  they  also  snp[)ort  part  of  the  parietal  spine,  7,  and  rest, 
in  part,  below  upon  the  parietal  centrum,  s.  The  neural  spine,  1 1, 
of  the  frontal  vertebra  retains  its  normal  character  as  a  single 
symmetrical  bone,  like  the  parietal  spine  which  it  partly  overlaps ; 
It  ;ilso  completes  the  neural  arch  of  its  own  segment,  but  is  remark- 
ililv  extended  forward,  where  it  is  much  thickened,  and  assists  in 
tunning  the  cavities  for  the  eyeballs;  it  is  the  'frontal"  bone. 

In  contemplatinLi;  in  the  skull  itself,  or  snch  side  \ievf  as  is 
given  in  fig.  94,  the  relative  position  of  the  frontal,  u,  to  the 
parietal,  7,  and  of  this  to  the  superoccipital,  3,  which  is  overlapped 
by  the  parietal,  just  as  itself  overlaps  the  flattened  spine  of  the 
atlas,  we  gain  a  conviction  which  cannot  be  shaken  by  any 
difference  in  their  mode  of  ossification,  by  their  median  bipartition, 
or  by  their  extreme  expansion  in  other  animals,  that  the  above-named 
nngle,  median,  imbricated  bones,  each  completing  its  neural  arch, 
and  permanently  distinct  from  the  piers  of  such  arch,  must  repeat 
the  same  element  in  those  successive  arches — in  other  words, 
must  be  *  homotypes,'  or  serially  homologouii.    In  like  manner  the 
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Berial  homology  of  tiioee  pirn,  called  'neurapophyses,'  viz.,  the 
lanuM  of  the  ftda8»  the  exoocipital8»  the  alisphenoidBy  and  the 
orbitosphenoids,  k  equally  unmiBtakable.    Nor  can  we  ehnt  out  of 

view  the  sauie  serial  relationship  of  the  paroccipitals,  fig.  95,  4,  as 
coalesced  diapophyses  of  the  occipital  veitobra,  with  the  mastoids,  ib. 
8,  and  the  postfrontals,  12,  as  par- or  di-apophyscs  of  their  respective 
vertebrie.  All  stand  uul  from  the  sides  of  the  cranium,  as  tranver&e 
processes  for  muscular  atta  luoent;  all  are  alike  autogenous  in  the 
Turtles;  and  all  of  them,  in  Fishes,  ofier  articular  surfaces  for  the 
ribs  of  their  respective  vertebne ;  and  these  characters  are  retained 
in  the  postfrontals  as  well  as  in  tlie  mastoids  of  the  Crocodiles. 

The  frontal  diapophyais^  figs.  93,  96,  iSj  is  wedged  between  the 
back  part  of  the  spine,  u,  and  the  neurapophysis,  10 ;  its  out- 
wardly projecting  process  extends  backward,  and  j<nns  that  of 
the  succeeding  Apophysis,  s;  but»  notwithstanding  the  retro- 
gradatbn  of  the  inferior  arch,  it  still  articulates  with  part  of  its 
own  plenrapophysial  element, which  forms  the  proximal  dement 
of  that  arch. 

There  finally  remain  in  the  cranium  of  the  Crocodile,  after  the 
successive  detaclunent  of  the  foregoing  arches,  the  bones  termi- 
nating the  fore  part  of  the  skull,  n  4,  fig.  93  ;  but,  notwithstand- 
ing the  extreme  degree  of  modiiicatioa  to  which  their  extreme 
position  subjects  them,  wc  can  still  trace  in  their  arrangement 
a  correspondence  with  the  vertebrate  type. 

A  long  and  slender  symmetrical  grooved  bone,  fig.  93,  13,  is  con- 
tinued forward  from  the  coalesced  pterygoids,  24,  and  stands  in  the 
relation  of  a  centrum  to  the  vertical  plates  of  bone,  14,  which  e^qMmcl 
as  they  rise  into  a  broad,  thick,  triangular  plate,  with  an  exposed 
horizontal  superior  surface*  These  bones,  the  prefrontals  14,  stand 
in  the  relation  of  neon^Kiphyses  to  the  rhinencephalio  prolongar* 
tions  of  the  brain  commonly  called  'dfactory  nerves;'  and  tihey 
form  ihe  piers  or  haunches  of  a  neural  arch,  which  is  completed 
above  by  a  pair  of  symmetrical  bones,  15,  called  ^nasals/  which  I 
regard  as  a  divided  or  bifid  neural  spine ;  the  independent  basal 
ossification,  answering  to  the  vomer  in  Fishes,  figs.  81,  84,  la,  and 
Chelonians  fig.  98  b,  is  in  advance  of  its  proper  segment,  and 
divided  in  the  middle  line  as  in  Ganoid  Fishes  and  Batrachia.  In 
some  Alligators  {A/l.  7}u/f'r)  the  divided  vomer  extends  far  for- 
ward, expands  anteriorly,  and  appears  upon  tlio  ]>ouy  ]>alate. 

Almost  all  the  other  bones  of  the  head  of  the  Crocodile  are 
adjusted  so  as  to  constitute  four  inverted  arches.  These  are  the 
hemal  arches  of  the  four  segments  or  vertebrae,  of  which  the 
neural  arches  have  been  just  described.   But  they  have  been  the 
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mt  of  mticli  greater  modificationB,  hy  which  they  are  made  sub- 
sen  ient  to  a  variety  of  functions  unknown  in  tlie  iiiuiiuJ  arches  of 
the  rest  of  the  body.  Thus  the  two  anterior  hicnial  arched  of  the 
head  perform  the  office  of  seizing  and  ^luisiug  the  food;  are 
armLMl  for  that  purpose  with  teeth :  and,  whilst  one  arch  in  fiiTnly 
fixed,  the  other  works  upon  it  like  the  hammer  upon  the  anvil. 
The  elements  of  the  fixed  arch,  called  '  maxillary  arch,'  £g.  93,  h, 
n,  hare  aooordingly  undergone  the  greatest  amoimt  of  change,  in 
order  to  adapt  that  arch  to  its  share  in  mastication,  as  well  m  for 
forming  part  of  the  passage  for  the  respiratory  medium  which 
teTerses  it.  Almost  the  whole  of  the  upper  sur&oe  of  the  max- 
iOsry  arch  is  firmly  united  to  cont^^us  parts  of  the  skull  by 
rough  or  sutuial  suf&ees,  and  its  strength  is  increased  by  bony 

94 
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sppendages,  which  diyerge  from  it  to  abut  against  other  parts  of 
the  akulL  Comparative  Anatomy  teaches  that,  of  the  numerous 
ptaoes  of  attachment,  the  one  which  connects  the  maxillary  arch  by 

its  eleiiu'iit,  20,  with  the  centrum,  13,  and  with  the  descending  plates 
of  the  III  urapophyses,  u,  of  the  nasal  segment,  is  the  normal  or 
the  iiiM^i  (  uuatant  point  of  its  sus|)ensi()n ;  the  bone,  20,  being  the 
pleurapophysial  ekijieiit  of  the  maxillary  arch:  it  is  called  the 
'palatine,'  because  the  under  surface  forms  a  portion  of  the  bony 
roof  of  the  mouth,  called  the  *  palate,'  as  in  fig.  98  c,  20.  It  is 
articulated  at  its  fore  part  with  the  bone,  ai,  which  is  the  hajma- 
pophysial  element  of  the  arch.  This  bone  is  called  the  *  maxU- 
^ary,'  and  is  greatly  developed  both  in  length  and  breadth,  fig. 

U*.  it  IB  connected  with  90,  figs.  94,  98  c,  behind  and 
^th  n  in  front,  which  are  parts  of  the  same  arch,  and  with 
^  diverging  a})pendage3  of  the  arch,  viz.,  fig.  95,  96,  the  malar 
We,  and  fig.  98  c,  25,  the  ectopterygoid :  the  maxillary  is  also 
Wiited  with  the  nazals,  15,  and  the  lacrymal,  73,  as  well  as 
^ith  its  fellow  oi  the  opposite  side.    The  smooth,  expanded 
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horizontal  plate,  whicb  effects  the  latter  junction,  is  called 
the  palatal  plate  of"  the  maxillary,  fig.  98  c,  21  ;  the  thickened 
external  border,  where  this  ]»late  meets  the  external  rnuj^li  surface 
of  the  bone,  and  which  is  perforated  for  the  lodgment  of  the 
teeth,  is  the  *  alveolar  border.'  The  htemal  spine  or  key-hone  of 
tlie  arch,  22,  is  bifid,  and  the  arch  is  completed  by  the  symphysial 
junction  of  the  two  symmetrical  halves  ;  these  halves  are  called 
'  premaxillary  bones : '  these  bones,  like  the  maxillaries,  have  a 
rough  facial  plate^  fig.  95,  32,  and  a  smooth  palatal  plate,  fig.  98  C, 
99,  with  the  connecting  aLveolar  border.  The  median  STmphysis 
IS  perforated  yertically  through  both  plates ;  the  outer  or  upper 
hole  being  the  external  nostril,  fig.  95,  99,  the  under  or  palatal 
one  being  the  premaxillary  aperture,  fig.  9B  c, 

Both  the  palatine  and  the  maxillary  bones  send  outward  and 
bacltward  parts  or  processes  which  diverge  from  the  line  of  the 
hainial  arch,  and  give  attachment  to  distinct  bones,  which  form 
the  *  diverging  appendarrcs'  of  the  arch,  and  serve  to  attach  it,  as 
do  the  diverging*  appendages  ot  the  tlioracic  haemal  arches  in  the 
bird,  to  tlie  suceeeding  arch. 

The  appendage,  24,  called  *  pterygoid,'  effects  a  more  extensive 
attachment,  and  is  peculiarly  developed  in  the  Crocodilia.  As  it 
extends  backward  it  expands,  unites  with  its  fellow  both  below 
and  above  the  na^al  canal,  encompassing  it  so  as  to  form  the  hinder 
or  palatal  nostril,  fig.  98  c,  n ;  liie  coalesced  pterygoids  articulate 
anteriorly  with  the  divided  vomer,  the  palatines,  and  the  basi*- 
pre-sphenoid :  posteriorly  each  broad  wing,  extending  outward, 
gives  attachment  to  a  second  bone,  ib.  95,  called  *  ectopterygoid,' 
which  is  firmly  connected  with  the  maxillary,  21,  the  malar,  26, 
and  the  postfrontal,  12.  The  second  diverging  ray  of  the  maxil- 
lary arch  is  of  great  strength  ;  it  extends  irom  the  maxillary,  fig.  95, 
21,  to  the  tympanicj  28,  and  is  divided  into  two  pieces,  the  malar, 
26,  and  the  squamosal,  27  ;  both  of  which  begin  to  assume  more 
lengthened  and  slender  proj^ortions  than  in  the  Turtle  (compare 
fig.  95  with  91).  Such  are  the  chief  Crocodilian  modifications  of 
the  haemal  arch  and  appendages  of  the  anterior  or  nasal  vertebra 
of  the  skull. 

The  h»mal  arch  of  the  frontal  vertebra,  fig.  92,  H,  iii,  is 
somewhat  less  metamorphosed,  and  has  no  diverging  appendage. 
It  is  slightly  displaced  backward,  and  is  articulated  by  only  a 
small  proportion  of  its  pleurapophysis,  28,  to  the  parapophysis,  12, 
of  its  own  segment ;  the  major  part  of  that  short  and  strong  rib 
articulating  with  the  parapophysis,  8,  of  the  succeeding  segment. 
The  bone,  fig.  95,  28,  called  '  tympanic,'  because  it  serves  to  support 
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the  '  drum  of  the  ear'  in  air-breathing  vertebrates,  is  short,  strong, 
and  immovably  wedged,  in  the  Crocodilia,  between  the  paroccijiital, 
4,  mastoid,  8,  posttruntal,  u,  and  squamosal,  27  ;  and  the  eouditions 
of  this  fixation  of  the  pleiirapophysid  are  exemplitied  in  the  great 
deveio[)ement  of  the  hasmapophysis  (mandible),  which  is  here 
mmsaaUy  long,  supports  numerous  teeth,  and  requires,  therefore^ 
a  firm  point  of  suspennony  in  the  yiolent  actions  to  which  the  jaws 
are  put  in  retaining  and  overconiing  the  struggles  of  a  powerfiil 
living  prey.  The  morable  articulation  between  the  tympanic^  S8, 
and  the  rest  of  the  hssmal  arch  is  analogous  to  that  which  we  find 
between  the  thoracnc  pleurapophysb  and  htemapoi^ysis  in  birds. 
But  the  htemapophysis  of  the  mandibnhir  arch  in  the  Crocodiles 
is  subdivided  into  serend  pieces,  in  order  to  combine  the  greatest 
elasticity  and  strength  with  a  not  excesmve  weight  of  hone.  The 
different  pieces  of  this  adaptively  subdivided  element  have  received 
definite  names.  That  numbered  -20,  fig.  93,  which  offers  the  articular 
concavity  to  the  convex  condyle  of  the  tympanic,  28,  is  called  the 
*  artieular '  piece  ;  that  beneath  it,  so,  wliieh  developes  the  angle 
of  the  jaw,  when  this  projects,  is  the  *  angular '  piece ;  the  piece 
above,  2y,  and  e,  fig.  95,  is  the  *  surangular ;'  the  thin,  broad,  flat 
piece,  31,  fig.  93,  applied,  like  a  splint,  to  the  inner  side  of  the 
other  parts  of  the  mandible,  is  the  *  splenial ; '  the  small  accessory 
ossicle,  3i',  is  the  *  coronoid,'  because  it  developes  the  process,  so 
called,  in  lizards ;  the  anterior  piece^  88,  which  supports  the  teeth^ 
is  called  the  *  dentary.'  The  purport  of  this  subdivision  of  the 
lower  jaw-bone  has  been  w^  explained  by  Conybeare^  and 
Buckland/  by  the  analogy  of  its  structure  to  that  adopted  in 
binding  together  several  parallel  plates  of  elastic  wood  or  steel  to 
make  a  crossbow,  and  also  in  setting  together  thin  plates  of  steel 
in  the  springs  of  carriages.  Dr.  Buckland  adds — *  Those  who 
have  witnessed  the  shock  given  to  the  head  of  a  crocodile  by  the  act 
of  snapping  together  its  thin  long  jaws,  nuu-^t  have  seen  how  liable 
to  fracture  the  lower  jaw  would  be,  were  it  composed  of  one  bone 
only  on  each  side.'  The  same  reasoning  ay>plies  to  the  composite 
struct  l  ire  of  the  long  tymf  janic  pedicle  in  li.shes.  In  each  case  tJie 
splicing  and  bracing  together  of  thin  fiat  bones  of  imequal  length 
and  of  varying  thickness,  aftbrds  compensation  for  the  weakness 
and  risk  of  fracture  that  would  otherwise  have  attended  the 
elongaticn  of  the  parts.  In  the  abdomen  of  the  crocodile  the 
analogous  subdivision  of  the  htemapophyses,  there  called  abdo- 
minal ribs,  allows  of  a  slight  change  of  their  length,  in  the 
expansion  and  contraction  of  the  walls  of  that  cavity ;  and  since 

»  •  Ucol.  Traua.*  1821,  p,  565.        *  *  Bridgewatcr  Treatbe,'  1836,  vol.  L  p.  176. 
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amphibious  reptiles,  when  on  land,  rest  the  whole  weight  of  the 
abdomen  directly  upon  the  ground,  the  necessity  of  the  modifi- 
Cfition  diminishing  liability  to  fracture  further  appears.  Tiiese 
analogies  arc  important,  as  demonstrating  that  the  general  hDuio- 
logy  of  the  elements  of  a  natural  segment  of  the  skeleton  is  not 
affected  or  obscured  by  their  subdivision  for  a  special  end. 
The  porposiye  modification  of  the  ha^mapophyses  of  the  fix>ntal 
vertebra  is  but  a  repetition  of  that  which  affects  the  same 
elements  in  the  abdominal  vertebne. 

Passing  next  to  the  haemal  arch  of  the  parietal  Tertebra,  fig. 
93»  H»  ii,  we  are  first  struck  hj  its  small  relattye  nze.  Its 
restricted  functions  have  not  required  it  to  grow  in  proportion 
with  the  other  arches,  and  it  consequently  retains  much  of  its 
embryonal  dimensions.  It  consists  of  a  ligamentous  *  stylohyal,* 
retaining  the  same  primitive  histological  condition  which  obstructs 
the  ordinary  recognition  of  the  pleural  element  of  the  lumbar  haemal 
arches;  of  a  cartilaginous  '  epihyal,'  89,  intervening  between  this 
and  the  ossified  ha]'mapo])hysis,  or  ceratohyal,  40 ;  and  of  tlie  ha^msii 
spine,  41,  which  retains  itjs  cartilaginous  state,  like  its  liomotypes, 
in  the  abdomen  :  there  they  get  the  special  name  of  *  abdominal 
sternum/  here  of '  basihyal/  The  basihyal  has,  however,  coalesced 
with  the  thyrohyals  to  form  a  broad  cartilaginous  plate,  the  anterior 
border  rising  like  a  valye  to  close  the  fimces,  and  the  poaterior 
angles  extending  beyond  and  sustaining  the  thyroid  and  oifaer 
parts  of  the  larynx.  The  long  bony  '  ceratohyal '  and  the  com- 
monly cartilaginous  '  efnhyal  *  are  suspended  by  the  lig»nentou8 
*  stylohyal  *  to  the  back  part  of  the  tympanic  at  its  junction  with 
the  paroccipital  process ;  the  whole  arch  having,  like  the  man- 
dibular une,  retrograded  from  the  connection  it  presents  in  Fishes. 

This  retroixradation  is  still  more  considerable  in  the  succeedioor 
haemal  arch,  fig  92,  h  i  ;  fig.  57,  51.  In  comparing  the  occipital 
segment  oi"  the  Crocodile's  skeleton  with  that  of  the  Fish,  fig.  81, 
the  chief  modification  that  distinguishes  that  segment  in  the  Cro> 
codile  is  the  apparent  absence  of  its  hiemal  arch.  We  recognise, 
however,  the  special  homologues  of  the  constituents  of  that  arch 
of  the  Fish's  dceleton,  fig.  34,  in  the  bones  61  and  52  of  the  Cro- 
codile's skeleton,  Bg.  57 ;  but  the  upper  or  suprasoapulsr  piece,  so, 
fig.  92,  retains,  in  connection  with  ihe  loss  of  its  proximal  or  cniiual 
articulations,  its  cartilaginous  state :  the  scapula,  si,  is  ossified,  as 
IS  likewise  the  coracoid,  ss,  the  lower  end  of  which  is  separated 
from  its  fellow  by  the  interposition  of  a  median,  symmetrical, 
partially  ossified  piece  called  *  episternum.'  The  puwer  of  recog- 
nising the  special  homologies  of  50,  5i,  and  62  in  the  Crocodile, 
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with  the  snnil:uly  numbered  constituents  of  the  same  arch  in 
Fishes- — -thoiitrh  marked,  not  onlv  bv  modifications  of  fonn  and 
proportion,  but  even  of  very  substance,  as  in  the  case  of  so  — ► 
depends  upon  the  circumstance  of  these  bones  constituting  the 
BMne  essential  element  of  the  archetypal  skeleton,  viz.  the  fouiib 
Wmnl  arehy  numbered  p/,  in  fig.  17.  For  although  in  the  pve*- 
eent  instance  there  is  superadded  to  the  adaptive  modifications 
shove  died  the  rarer  one  of  altered  oonnectionsy  Cuvier  does  not 
hesitate  to  give  the  same  names^  '  suprascapulaire*  to  so,  and 
'scapulaire*  to  51,  in  both  Fish  and  Crocodile ;  hut  he  did  not  per^ 
oetve  or  admit  that  the  narrower  relations  of  spedal  homology 
were  a  result  of,  and  necessarily  included  in,  the  wider  law  of 
general  homology.  According  to  the  hitter  law,  we  discern  in  fig. 
93,  h(\  and  51,  a  comj>ound  * pleurapophysiR/  in  52  a  * ha^mapophysis/ 
an<l  in  As.  the  'haemal  spine,'  coiiij»U  tinLi;  the  haemal  arch.* 

T!i('  ?^capulo-coracoid  arch,  both  cUincnts,  51,  5?,  of  which 
retain  the  form  of  f<trong  and  thick  vertel)ral  and  sternal  ribs  in 
the  Crocodile,  is  applied  in  the  skeleton  of  tliat  animal  over  the 
anterior  thoracic  haemal  arches.  Viewed  as  a  more  robust  haemal 
arch,  it  is  ohviously  out  of  place  in  reference  to  the  rest  of  its 
vertebral  segment.  If  we  seek  to  determine  that  segment  by  the 
mode  in  which  we  restore  to  their  centrums  the  less  displaced 
neural  arches  of  the  antecedent  vertebns  of  the  cranium  or  in  the 
sacmm  of  the  hird»*  we  proceed  to  examine  the  vertehro  hefore 
and  behind  the  displaced  arch,  with  the  view  to  ^scover  the  one 
which  needs  it,  in  order  to  be  made  typically  complete.  Finding 
no  centrum  and  neural  arch  without  its  pleurapophyses  6*om  the 

'  The  author  of  No.  clxxi,  in  criticising  this  conclasion,  omits  consideration  of 
the  cartilaginoQS  cloment,  fig.  93,  AO  :  as  it  exists  and  required  due  attention,  I 
WM  led  to  regard  it  ns  the  boinolo^tic  of  the  ossified  elemcRt,  figs.  81,  85,  fio,  in 
Fishes,  and  as  being  part,  one  might  say,  half,  of  the  plenrapophjsis.  No  anatomist  has 
imimgiied  mcli  detemUiiatioii  of  the  •peeiid  homology  of  the  Mame  eertibgioeoie 
dtt  bord  iphiel  dc  I'omoplate  *  of  the  Crocodile,  -with  the  '  partic  spinal  de  I'omopbite' 
of  the  Frog,  and  witli  the  *  os  Biirscnpuluire  *  of  the  Fish.  Xuw  the  latter  is  the 
liomotTpc  of  the  proximnl  hnlf  of  the  compound  i)lcurapo|>hysis  of  the  pelvic  arch, 
ot  which  the  part  called  '  iluitu  '  answers  to  the  part  called  '  scapula.'  There  remains, 
tiierefora,  ibr  Dr.  Httmphrey's  oontideratioii,  the  seriel  and  general  homologiet  of  the 
'mprascepnla ;  *  in  the  omissioii  of  which  larks  the  fallacj  of  his  criticiim.  cucxx, 
pp.  27, 28.  Hie  eUeged  difleienoe  of  developement,  et  no«t  oneof  direction  of  growth, 
it  fntite. 

A  *  haemal  arch  *  having  been  defined  as  including  the  '  plenrapoph/sis  '  as  well  as 
'  bsemapophysis,'  by  altering  the  meaning  of  the  term  and  restricting  the  *  h«nal  parts 
of  the  veitebre'  to  the  *  hMMpophysee  end  hMiel  spines'  Dr.  Hemphrcy  makes 
ground  for  prononncing  the  pert  of  the  hmel  aroh,  10  end  «•  in  figs.  61  and  9S, 

as  Ijeing  the  hoem-  not  the  plcnr-apopliysis. 

-  See  *Oa  the  Arche^peaod  Uomologiea  of  the  Vertebrate  Skeleton,*  pp.  117 
and  159. 
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Bcapula  to  the  pelvis,  we  give  up  our  search  in  that  direcdon ; 

and  in  the  opposite  direction  we  find  no  vertebra  without  its  ribs, 
until  \vc  roiich  1  lie  occiput ;  there  we  have  centrum  and  neural 
arch,  with  connate  parapophyses,  but  without  the  liienial  arch, 
which  arch  can  only  be  supplied  by  a  reFtoratiou  of  tl\e  bonc:^ 
50-52  to  tlic  ]ilace  which  they  naturally  occuj)y  in  the  skeleton  of 
the  fish.  And  since  the  bones  su-s-i  in  the  Crocodile,  fig.  57,  are 
specially  homologous  with  those  so  numbered  in  the  Fish,  iig«  34, 
we  must  conclude  that  they  are  likewise  homologous  in  a 
higher  sense ;  that  in  the  Fish  the  scapula-coracoid  arch  is  in  its 
natural  or  typical  position,  whereas  in  the  Crocodile  it  has  been 
displaced  for  a  special  purpose.  Thus,  agreeably  with  a  general 
principle,  we  perceive  that,  as  the  lower  vertebrate  animal  illua- 
trates  the  closer  adhesion  to  the  archetype '  by  the  natural  articu- 
lation of  the  scapulo-coracoid  arch  to  Ihe  occiput,  so  the  higher 
vertebrate  manifests  the  superior  influence  of  the  antagonizing 
power  of  adaptive  modificatiou  by  the  removal  of  tliat  arch  from 
its  proper  segment. 

The  antliropotomist,  by  his  mode  of  counting  and  defining  the 
dorsal  vertebnc  and  ribs,  admits,  unconsciously  perhaps,  the 
important  principle  iu  general  homology  which  is  here  exemplified  ; 
and  which,  pursued  to  its  legitimate  consequences,  and  further 
applied,  demonstrates  that  the  suprascapula  and  scapula  are  the 
modified  rib  of  that  centrum  and  neuial  arch,  which  he  calls  the 
*  occipital  bone and  that  the  change  of  place  which  chiefly  masks 
that  relation  (for  a  very  elementary  acquaintance  with  Compara- 
tive Anatomy  shows  how  little  mere  form  and  proportion  affect 
the  homological  characters  of  hones),  differs  only  in  extent,  and 
not  in  kind,  from  the  modification  which  makes  a  minor  amount 
of  comparative  observation  requisite,  in  order  to  determine  the 
relation  of  the  shifted  dorsal  rib  to  its  proper  centrum  in  the 
human  skeleton. 

AVith  reference,  therefore,  t45  the  occipital  vertebra  of  the  Cro- 
codile, if  the  comparatively  wcll-devcloj)ed  and  permanently 
distinct  ribs  of  all  tlie  cervical  vertebra^  ]irove  the  scapular  arch 
to  belong  to  none  of  those  segments,^  and  if  that  hiemal  arch  be 
required  to  complete  the  occipital  segment,  which  it  actually  does 
complete  in  fishes,  then  the  same  conclusion  must  apply  to  the 
same  arch  in  other  animals,  up  to  man  himself. 

'  The  term  *  simple  primary  form  *  appears  to  Dr.  Humphrey,  clxxi,  p.  34,  to 
be  more  correct  tluut  the  word  *  archetype.' 

*  Close  the  eyes  to  the  fact  of  the  tnprascapular  ciemeDt  io  the  Croeodilc,  and  job 
then  may,  with  Dr.  Humphrey,  sec  its  representative  in  one  of  the  cenricel  plear- 
apophyses.   Comp.  ib.  p.  38,  and  note,  p.  144,  of  the  present  work. 
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The  looomotiye  eztremity,  fig.  92,  58-57,  is  ike  ^verging  ap- 
pendage of  the  arch,  under  one  of  its  numerous  modes  and  grades 
of  developement. 

Coadjustcd  as  the  above-defined  vertebral  elements  are  in  the 
pkull  of  the  Crocodile,  they  conn)ose  such  a  whole  as  is  represented 
in  fig.  95.  Each  temporal  fossa  is  eircumscribed  externally  by 
two  horizontal  bony  arches  ;  the  upper  one  formed  by  the  post- 
frontal,  IS,  and  mastoids  8 ;  the  lower  one  by  the  malar,  26,  and 
aqnamosal,  ti?:  the  tympanic,  98,  and  mastoid,  8,  bound  the 
fiMsa  behind :  the  coartioulated  proceBses  from  the  postfrontal  and 
malar  fonn  a  partial  .division  between  the  fossa  and  the  orbit  in 


Sknllof  OroeodUe 


front  The  orbit  is  circumscribed  by  these  bones,  with  ike  frontal, 
11,  prefrontal,  u,  and  lacrymal,  b.  A  superorbital  or  palpebral 
deim-oaside  strengthens  the  upper  eyelid*  The  external  nostril, 
single  and  advanced  in  Cracodiiia,  is  surrounded  sometimes,  as  in 
Gavials,  by  the  premaxillaries,  22  ;  sometimes,  as  in  fig.  9.5,  admit- 
ting also  the  points  of  the  nasals,  15.  The  intcrnsil  nostril  opens  liir 
back,  beneath  the  occiput,  fi^.  98  c,  n,  and  is  exclusively  surrounded 
by  the  pteryfroids,  24 :  its  plane  is  horizontal  in  Gavials  and  some 
AlligJitnrs  ;  but  is  more  or  less  oblique,  lookinj^  backward,  in 
Crocodiles.  Behind  and  above  it  are  the  median  and  lateral 
Eustachian  bony  outlets,  from  which  the  membranous  continna- 
tions  of  the  tubes  converge  and  unite  in  the  single  valvular  aper* 
tore  on  the  soft  palate.^   The  vast  extent  of  the  bony  roof  of  the 

'  cuom-i  pi.  xii.  fig.  5.  This  paper  maj  be  referred  to  for  other  cranial  forarainOt 
and  for  the  dotaila  of  tlw  oompjex  bcmy  atnictiuo  of  the  mediu  and  lateral 

TOU  I.  L 

Digiiized  by  Google 


146 


ANATOMT  OF  YBBTBBRATBS. 


mouth  is  intemipted  by  the  krge  '  pterygomazmary' Taouities^ 
ib.  y,  bounded  externally  by  the  maxiUaries  and  eotoptcrygoids : 

at  tlie  fore  part  is  the  small  *  prcpalatme*  opening,  ib.  p.  In  the 
Gcivials  each  ptcryt^old  exiuuidis  at  its  outer  and  fore  border  into  a 
large  oval  bulla.  Tlie  ])alatines  and  maxillai'icd  are  excavated  by 
sinuses  communicating  with  the  naeal  i)assage8.  The  form  of  the 
maxillo-premaxillary  palatine  putiire  helps  by  its  variation  to  tho 
distinction  of  species.'  The  anterior  expanded  jmrt^  of  the  divided 
vomer  appear  upon  the  bony  palate  in  aome  Alligators.* 

The  otic  capsule  remains  in  great  part  cartilaginous :  towards 
the  cranial  cavity  it  is  defended  by  the  thin  otocranial  plates  of 
the  alisphenoid^  superoccipital  and  paroccipital^withoocasionally  a 
small  scale,  representing  a  rudimental  petrosaL  The  eye-capsule 
is  not  defended  by  bony  plates,  as  in  CheUmku  The  turbinals 
remain  cartilaginous. 

The  cranial  cavity  is  miserably  small  in  these  huge  cold-blooded 
Camivora ;  it^j  main  part,  shown  in  section,  fig.  U-i,  2,  c,  10,  may 
be  filled  by  a  matvs  thumb  iu  a  skull  of  three  feet  in  length.  The 
proper  ]>raiTi-(']mmber  is,  however,  continued  along  the  groove 
beneath  the  interorbital  platform  to  the  second  slight  expansion 
between  the  prefrontals,  u,  where  the  rhinencephalic  (ol&ctory) 
lobes  send  forward  the  true  olfactory  nerves. 

If  the  foregoing  statement  of  the  grounds  for  determining  the 
homologies,  general  and  special,  of  the  skull-bones  of  the  Oroeodilia 
may  have  seemed  tedious  or  unnecessary,  I  excuse  myself  by  the 
importance  attached  to  the  subject  by  Cuvier,  who,  in  the  last 
lecture  which  he  delivered,  stated :  '  If  we  were  agreed  as  to  the 
Crocodile^s  head,  we  should  be  so  as  to  that  of  other  animals ;  be- 
cause the  Crocmlile  in  intermediate  betvs'cen  mammals,  birds,  and 
fishes.'  Admitting,  with  .-(.nie  latitude,  the  reason,  a  sense  of  the 
importance  nf  a  determination  of  the  bones  answerable  to  tliose 
previously  doHned  in  Chelonia  and  Fishes,  has  influenced  me  in 
the  foregoing  dei>eri[)tion  of  the  skull  of  the  Crocodilia, 

§  33.  ISkull  of  Ophidia, — The  skull  in  Lacertians  and  Ophi*" 
dians  departs  from  the  vertebral  pattern  by  a  greater  degree  of 
confluence  and  a  minor  extent  of  neurapophysial  ossification, 
than  in  Crocodilia :  and  that  of  Serpents  manifests  more  strongly 
the  jyrinciple  of  adaptive  developement 

Eutachum  canals  in  Crocodilia,  See  also  the  ^Ji  tparaiions,  3ul.iv.,  Nos.  706,  727,  728, 
75(n  pp.  154—164. 

>  Ib.  xLiv.,  p.  163,  when  ibot  diaractvristie  of  Chmdi&M  HMtV&r  it  apadfied. 
*  Ib.  Na  764,  p.  166^ 
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In  the  Python,  fic^P.  96  and  97,  the  basioccipital,  i,  is  subhex- 
agonal,  broadest  anteriorly,  smooth  and  concave  above,  suturally 
rough  on  each  side,  with  a  recurved  pointed  hy papophysia :  the 
hinder  £M3et  forms  the  lower  half  of  the  occipital  condyle,  on  each 


96 


flecUon  of  Um  SknU  of  a  Python 


side  of  wliich  is  a  small  sharp  process.  The  basioccipital  unites 
above  with  the  exoccipital,  2,  and  ali sphenoid,  «;  and  in  firont 
with  the  basisphenoid,  s.  The  exocoipitals  (s,s)  are  each  pro- 
daced  haokward  into  a  pedunonlar  process  supporting  a  moiety 
of  the  upper  half  of  the  occipital  condyle :  at  the  outer  nde  of 
the  base  of  the  peduncle  is  an  obtuse  process,  forming  the 
upper  part  of  the  ridge  continued  upon  the  basioccipital.  The 
outer  and  fore  part  of  the  cxoccipitul  expands,  tinil  is  ])erforated 
by  a  slit  for  the  eij^hth  pair  of  nerves,  articulates  below  with 
the  basioccipital,  is  excavated  in  front  to  lodf^e  the  petrosal 
cartilage  where  it  articulates  with  the  alisphenoid,  and  unites 
above  with  the  superoccipital,  3.  This  is  of  a  subrhomboidal 
form,  sends  a  spine  from  its  upper  and  hinder  surface,  expands 
laterally  into  oblong  processes,  is  notched  anteriorly  and  sends 
down  two  thin  plates  from  its  under  surface,  bounding  on  the 
mesial  side  the  surface  for  the  cerebellum,  and  by  fiie  outer 
side  fimning  the  inner  and  upper  parts  of  iJie  acoustic  cavities. 
The  superoccipital  articulates  below  with  the  exoccipitals  and 
alisphenoids,  and  in  front  with  the  parietal,  by  which  it  is  over- 
lapped in  its  whole  extent*  The  occipital  vertebra  is  as  if  it  were 
sheathed  in  the  expanded  posterior  outlet  of  the  parietal  one,  the 
centrum  resting  on  the  oblique  surfaoe  of  that  in  front,  and  the 
anterior  base  of  the  neural  spine  entering  a  cavity  in  and  being 
overlai)ped  by  that  of  the  {)receding  neural  spine:  the  analogy  of 
this  kind  of '  emboitement'  of  the  occipital  in  the  parietal  vertebra 
with  the  firm  interlocking  of  the  ordinary  vertebrae  of  the  trunk  is 
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very  interestlnpc :  the  end  gained  seems  to  be,  in  grovelling 
reptiles  liable  to  have  the  head  bruised,  an  extra  protection  of 
the  epeuce()halon — the  most  important  segment  to  life  of  ail  Uie 
primary  divisions  of  the  cerebrospinal  axis.  The  thickneea  of 
its  immediately  protecting  walls  (formed  by  the  basi-,  ex-,  and 
Buper-oocipitaU)  is  equal  to  that  of  the  same  yertebral  elements 
in  the  human  skull ;  but  they  are  moreoyer  composed  of  Tery 
firm  and  dense  tissue  throughout,  having  no  diploS :  the  epen- 
cephalon  also  derives  a  further  and  equally  thick  bony  covering 
from  the  basisphenoid  and  the  parietals,  the  latter  being  partly 
overlapped  by  the  mastoids,  fig.  97, 8,  which  form  here  a  third  layer 
of  the  cranial  wall. 

The  basisphenoid,  fig.  96,  5,  and  prespbenoid,  9,  form  a  single 
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bone,  and  the  chief  keel  of  the  cranial  superstructure.  The 
posterior  articular  surface  looks  obliquely  upward  and  backward, 
and  supports  that  of  the  vertebral  centrum  behind,  as  the  posterior 
ball  of  the  ordinary  vertebrss  supports  the  oblique  cup  of  the 
succeeding  one :  here,  however,  all  motion  is  abrogated  between 
the  two  vertebras,  and  the  co-adapted  surfiices  are  rough  and 
Butural.  The  bansphenoid  presents  a  smooth  cerebral  channel 
above  for  the  mesencephalon,  in  firont  of  which  a  deep  depression 
(sella)  sinks  abruptly  into  the  expanded  part  of  the  bone,  and 
there  bifurcates,  each  fork  forming  a  short  cul-de-sac  in  the  sub- 
stance of  the  bone.  The  transverse  processes  from  the  under 
and  lateral  surfaces  are  well  marked,  strong,  but  short,  nuich 
thicker  in  the  Python  than  in  the  Boa.  The  alisphenoids,  fi,  form 
the  anterior  half  of  the  fenestra  ovali?*,  wliich  is  completed  by 
the  exoccipitals;  and  in  their  two  large  perforations  for  the 
posterior  divisions  of  the  fifth  pair  of  nerves,  as  well  as  in  their 
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relative  size  and  position,  the  ali^^pbenoids  agree  with  those  of  t]ie 
Frog.  Each  alis^phenoid  is  a  thick  suboval  piece,  with  a  tuljer- 
cnlar  process  on  its  under  and  Literal  part  :  it  re.>*ts  upon  the 
basisphenoid  and  basioccipital,  supports  the  posterior  part  of  the 
parietal  and  a  portion  of  the  mastoid,  8,  and  unites  anteriorly  with 
the  descending  lateral  plate  of  the  parietal  bone. 

The  parietal)  7,  is  a  large  and  long,  ^mmetrical  roof-shaped 
bone,  with  a  median  longitudinal  crest  along  its  upper  surlkce, 
where  the  two  originally  distinct  moieties  have  coalesced.  It  is 
narrowest  [x^steriorly^  where  it  overkps  the  snperoccipitali  and  b 
itself  OTerlapped  by  the  mastoid :  it  b  convex  at  its  middle  part  on 
each  side  the  sagittal  spine,  and  is  continued  downward  and  in- 
ward to  rest  immediately  upon  the  ])asisphcnoid,  5.  Thi?!  part  of 
the  |)arietal  seems  to  be  formed  by  an  extension  of  ossification 
along  a  membranous  space,  like  tliat  which  permRnontly  remains 
so  ill  the  FrofT,  between  the  ali^phenoid  and  orbit*)f*phenoid :  the 
mesencephalon  and  the  chief  part  of  the  cerebral  lobes  arc  protecltnl 
by  this  unusually  developed  spine  of  the  mesencephalic  vertebra. 
The  optic  forfimina  are  conjugational  ones,  between  the  anterior 
border  of  the  lateral  plate  of  the  parietal  and  the  posterior  border 
of  the  corresponding  plate  of  the  frontal. 

The  firontalsy  ii,  rest  by  descending  lateral  plates,  representing 
connate  orbitosphenoids,  upon  the  presphenoidal  prolongation  of 
the  basbphenmd :  the  upper  sur&ce  of  each  frontal  b  flat,  sub* 
qiudrate,  broader  than  long  in  the  Boa,  and  the  reverse  in  the 
Python,  where  the  roof  of  the  orbit  is  C4intinued  outward  by  a 
detached  superorbital  bone:  there  is  a  distinct,  oval,  articular  sur- 
face near  the  anterior  median  angle  of  each  frontal  to  which  the  pre- 
frontal, 14,  is  attached  :  the  angle  itself  is  slightly  produced  to  form 
the  articular  process  for  the  nasal  bones.  The  smooth  orbitosphe- 
noidal  plate  of  the  frontal  joins  the  outer  margin  of  the  upper  surface 
of  the  frontal  at  an  acute  angle ;  the  inner  side  of  each  frontal  is 
deeply  excavated  for  the  prolongation  of  the  cerebral  lobes,  and 
the  cavity  is  converted  into  a  canal  by  a  median  vertical  plate  of 
bone  at  the  inner  and  anterior  end  of  the  frontal.  The  frontals  join 
the  parietais  and  postfrontaU  behind,  and,  by  the  connate  orbito- 
sphenoid  plates,  the  presphenoid  below,  the  prefrontab  and  nasals 
before,  and  the  supexori^itak  at  theur  lateral  margins.  The  orbito- 
sphenoidal  plates  have  their  bases  extended  inward,  and  meet  below 
the  prosencephalon  and  above  the  jn  esphenoid,  as  the  neurapo- 
phy  ses  of  the  at  la8  meet  each  other  above  the  centnnii.  Thr  nnterior 
third  part  of  such  inwardly  produced  hme  is  met  by  a  ilDwawaid 
proUuctiou  of  the  mesial  margin  of  the  frontal,  forming  a  septum 
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between  the  olfactory  prolongations  of  the  brain,  but  is  not  con- 
fluent with  the  frouUii  6e[)tuin:  the  outer  portion  of  the  orbitosphe- 
noidal  plate  is  smooth  exteriuiliy,  and  deeply  notched  posteriorly 
for  the  optio  foramen. 

The  |x)8t-frontal,  fig.  97,  4,  is  a  moderately  long  trihedral  bone, 
articulated  by  its  expanded  cranial  end  to  the  frontal  and  parietal, 
and  bent  down  to  reat  upon  the  outer  and  fore  angle  of  the  ecto- 
pt^rygoid,  S5.  It  does  not  reach  that  bone  in  the  Boa,  nor  in 
})oi8onous  Serpents.  In  both  the  Boa  and  Python  it  xeoeivea  the 
anterior  sharp  angle  of  the  parietal  in  a  notch* 

The  natural  segment  which  tenmnates  the  cranium  anteriorly, 
and  is  formed  by  the  vomerine,  prefrontal  and  nasal  bones,  is  very 
distinct  in  the  Ophidians. 

The  vomer  is  divuicti,  as  in  some  ganoid  Fishes  and  Batrachians, 
but  is  edentulous:  each  half  is  a  luiig,  naiiow  plate,  smooth  and 
convex  below,  concave  above,  with  tlie  inner  margin  tliglitly 
raised:  pointed  anteriorly,  and  with  two  processes  and  an  inter- 
vening notch  altove  the  base  of  the  pointed  end.  The  preirontals, 
14,  are  connate  with  the  lacrymals.  The  two  bones  which  inter- 
vene between  the  vomerine  and  nasal  bones  are  the  turbimds,  fig. 
96,  dy  they  are  bent  longitudinally  outwards  in  the  form  of  a 
semicylinder  about  the  termination  of  the  olfactory  nerves. 

The  spine  of  the  nasal  vertebra  is  divided  symmetrically  as  in 
the  Ftog,  fonoing  the  nasal  bones,  fig.  97,  is ;  they  are  elongated^ 
bent  plates,  with  the  shorter  upper  part  arching  outward  and 
downward,  completing  the  olfactory  canal  above ;  and  with  a  longer 
median  plate  forming  a  veiiual  wall,  aj)]>licd  closely  to  its  fellow, 
except  in  front,  where  the  nasal  process  of  the  premaxillary  is 
received  in  the  interspace  of  the  nasals. 

The  acoustic  capsule  remains  in  great  part  cartilaginous  :  tliere 
is  no  detached  centre  of  ossification  in  it :  to  whatever  extent  thia 
capsule  is  ossified,  it  is  by  a  continuous  extension  from  the  alisphe- 
noid.  The  long  stapes,  97,  is,  extends  from  the '  fenestra  vesti- 
buli'  to  the  subcutaneous  ear-drum  attached  to  tlie  tym])anic  bone, 
88.  The  sclerotic  capsule  of  the  eye  is  chiefly  fibrous,  with  a  thin 
inner  layer  of  cartilage ;  the  ol&ctory  capsule  is  in  a  great  measure 
ossified,  as  above  described. 

MaxiUary  arch. — The  palatine,  fig.  96,  20,  or  first  piece  of  this 
arch  is  a  strong,  oblong  bone,  having  the  inner  side  of  its  obtuse 
anterior  end  applied  to  the  sides  of  the  prefrontals  and  turbinals, 
and,  near  its  posterior  end,  sending  a  short,  thick  proccBs  upward 
and  inward  for  ligamentous  attachment  to  the  lacrymal,  and  a 
becoud  simihu'  process  outward  as  the  point  of  suspension  of  the 


Diyitizeo  by  GoOgle 


ANATOMY  0¥  V£ET£BBATBS< 


151 


maxillary  bone  :  between  tlicsc  proccpses  the  palatine  is  perforated, 
and  behind  them  it  terminates  in  a  point.  The  ohief  part  of  the 
maxillary  bone,  21,  is  continued  forward  &om  its  point  of  snspen- 
aion^  increasing  in  depth,  and  terminating  obtusely:  a  shorter 
process  is  also,  as  usual,  continued  backward*  The  point  of 
suspension  of  the  maxiUaiy  forms  a  short,  narrow,  palatine  process ; 
the  dental  branch  of  the  supramaxillary  nerye  penetrates  the 
upper  and  fore  part  of  this  process,  and  its  ohief  diyision  escapes 
by  a  foramen  on  tlie  outer  and  fore  part  of  the  maxillary.  A  Bpace 
occupied  by  elastic  ligament  interv^enes  between  the  nuixlllury  and 
the  premaxillary,  22,  whicb  is  single  and  symmetrical,  and  firmly 
wedged  into  the  nasal  interspace :  the  anterior  cxj)auded  ])art  of 
til!*  small  triangular  bone  supports  two  teeth.  Thus  the  buny 
maxillary  arch  is  interrupted  by  two  ligamentous  intervals  at  the 
sides  of  the  prenuudllary  key-bone,  in  functional  relation  to  the 
peculiar  independent  movements  of  the  maxillary  and  palatine 
bones  required  by  Serpents  during  the  act  of  engulfing  their 
usually  laige  prey. 

Two  bones  extend  bedkward  as  appendages  to  the  maadllary 
arch ;  one  is  the  *  pterygoid,'  24,  from  ^e  palatine,  the  other  the 
ectopterygoid,  25,  from  the  maxillary.  The  pterygoid  is  continued 
from  the  posterior  extremity  of  the  palatine  to  abut  against  the 
end  of  the  tym])auic  i)edicle :  the  under  part  of  its  anterior  half 
is  beset  with  teeth,  fig.  96,  24.  The  ecto|iiorygoid,  25,  overlaps 
the  posterior  end  of  the  maxillary,  and  is  articulated  Ity  its  posterior 
obliquely  cut  end  to  the  outer  auriace  of  the  middle  expanded  part 
of  the  pterygoid. 

Mandibular  arch. — The  tympanio  bone,  ss,  is  a  strong,  trihedral 
pedicle,  articulated  by  an  oblique  upper  sur&ce  to  the  end  of  the 
mastoid,  s,  and  expanded  transversely  below  to  form  the  antero- 
poeteriorly  convex,  transversely  concave,  condyle  for  the  lower  jaw. 
This  consists  diiefly  of  an  articular  si,  and  a  dentary  32,  with  a 
small  coronoid  and  splenial  piece.  The  articular  piece,  31 ,  including 
the  angular  and  surangular  elements  ui  the  Crocodile,  ends  ob- 
tusely, immediately  beliind  the  condyle :  it  is  a  little  contracted  in 
front  of  it,  and  gradually  expands  to  its  middle  part,  sends  up  two 
short  processes,  then  suddenly  contracts  and  terminates  in  a  [Hjint 
wedged  into  the  posterior  and  outer  notch  of  the  dentary  piece.  The 
articular  is  deeply  grooved  above,  and  produced  into  a  ridge  below. 
The  coronoid  is  a  short  compressed  plate :  the  splenial  is  a  longer 
plate  applied  to  the  inner  side  of  the  articular  and  dentary.  The 
outer  side  of  the  dentary  has  a  single  perforation  near  its  anterior 
end :  this  is  united  to  that  of  the  opposite  ramus  by  elastic  ligament. 
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The  pkull  of  Xho  Boa  Constrictor  differs  from  that  of  the 
Python,  not  only  in  the  greater  breadth  of  the  frontals,  but  in 
that  of  the  nasals ;  in  the  absence  of  the  superorbital,  in  the 
more  Blender  and  cylindrical  form  of  the  ectopterygoid,  and  in 
the  larger  and  higher  internal  border  of  the  coronoid.  But  the 
mechanism  of  the  jawa  is  the  same.  By  the  elastic  matter  join- 
ing together  the  extremities  of  the  maxillary  and  mandibular 
bones,  those  on  the  right  side  can  be  drawn  apart  firom  those  on 
the  left,  and  the  mouth  can  be  opened  not  only  vertically,  as  in 
other  vertebrate  animals,  but  also  transversely,  as  in  insects. 
Viewing  the  hone*  of  the  niouth  that  support  teeth  in  the  great 
oonstrietin'r  serpents,  they  utler  the  a|)pearance  of  six  jaws  —  four 
above  and  two  below ;  the  inner  pair  of  jaws  above  are  formed  by 
the  palatine  and  pterygoid  bones,  fig.  96,  20-24,  the  outer  pair  by 
the  maxillaries,  ib.  21,  the  under  pair  by  thf  mandibles,  or  '  rami/ 
as  they  are  termed,  of  the  lower  jaw,  fig.  97,  31-82. 

Each  of  these  six  jaws,  moreover,  besides  the  movements  vep- 
ticaily  and  laterally,  can  be  protruded  and  retracted,  independentiy 
of  the  other:  by  these  movements  the  Boa  is  enabled  to  retain 
and  slowly  engulf  its  prey,  which  may  be  much  larger  tium  its 
own  body.  At  the  first  seizure  the  head  of  the  prey  is  held 
firmly  by  the  long  and  sharp  recurved  teeth  of  all  the  jaws, 
whilst  the  body  is  crushed  by  the  overlapping  coiLs  of  the  serpent; 
the  iloath-struix^les  having  ceased,  the  Constrictor  slowly  uncoils, 
niid  the  head  of  the  ])rey  is  bedewed  with  an  abundant  slimy 
mucus;  one  jaw  is  then  unfixed,  and  ita  teeth  withdrawn  by 
being  pushed  forward,  when  they  are  again  infixed,  further  back 
upon  the  prey;  the  next  jaw  is  then  unfixed,  protruded,  and 
reattached  ;  and  so  with  the  rest  in  succession — this  movement  of 
protraction  being  almost  tiie  only  one  of  which  they  are  susceptible 
whilst  stretched  apart  to  the  utmost  by  the  bulk  of  tiie  animal 
encompassed  by  them :  tiius,  by  their  suceessive  movements,  the 
prey  is  slowly  and  spirally  introduced  into  tiie  wide  guUet. 

In  comparing  the  skull  of  a  poisonous  with  that  of  a  constrict^ 
ing  Serpent,  the  differential  characters  consist,  in  the  Rattlesnake 
(^Crotalus)  e.g.,  chiefly  in  the  modification  of  form  and  attach- 
ments of  the  maxillary,  which  is  movabiy  articulated  to  the 
palatine,  ectopterygoid,  and  lacrymal  bones  ;  but  chiefly  supported 
by  the  latter,  which  presents  the  form  of  a  short,  strong,  three- 
sided  pedicle,  extending  from  the  anterior  external  angle  of  the 
frontal  to  the  anterior  and  upper  part  of  the  maxiUary.  The 
articular  sur&ce  of  the  maxillary  is  slightiy  concave,  of  an  oval 
shape ;  tiie  surface  articulating  witii  the  ectopterygoid  on  the  poste* 
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nor  and  upper  part  of  the  maxillary  is  smaller  and  convex.  The 
maxillary  bone  is  pushed  forward  and  rotated  upon  the  lacrymal 
joint  hj  the  advance  of  the  ectopterygoid,  which  is  associated  with 
the  moTements  of  the  tjrmpanic  pedicle  of  the  lower  jaw  hj  means 
of  the  true  pterygoid  bone*  The  premazillaiy -is  edentulouB,  A 
long,  perforated  poison-fang  is  anchjlosed  to  the  maxillary.  The 
pdatme  bone  has  four  or  five,  and  the  jitcrygoid  from  eight  to  ten, 
onall,  imperforate,  pointed,  and  recurved  teei^  The  frontal  bones 
are  broader  than  they  are  lonor :  there  are  no  superorbitaU.  A  strong 
ridge  is  develo[)ed  from  tlie  under  surface  of  the  basisphenoid,  and 
a  long  and  strongr  recurved  ppine  from  that  of  the  basioccipital ; 
these  give  insertion  to  tiie  j)o\vcrful  *  longi  colli'  muj^cles,  by  which 
the  downward  stroke  of  the  head  is  performed  in  the  infliction  of 
the  wound  by  the  |)oi8on-fanfrs. 

The  skull  of  the  typical  Ophidian  reptiles  most  resembles  that 
of  Lizards,  but  lacks  the  outer  diverging  appendage,  formed  by  the 
malar  and  aqiiamoeal,  of  the  maadUary  ardi.  It  differs  from  that 
of  Batrachiiuas  in  the  distinct  basi-  and  superocdpitals ;  in  the 
saperoccipital  forming  part  of  the  ear-chamber;  in  the  basioo- 
cipital  combining  with  the  exoccipital  to  form  a  single  articular 
condyle  for  the  atlas ;  in  the  ossification  of  the  membranous  space 
between  the  elongated  parieials  and  the  sphenoid  ;  in  the  constant 
coalescence  of  the  parietals  with  one  another;  in  the  connation  of 
the  orbitosplii'iiuids  with  the  frontalis,  and  in  the  meeting  of  the 
orliit<»rj)li(M()l(ls  below  the  prosencepiialon  upon  tlie  upper  sur- 
fiH  e  ot  the  presphenoid ;  in  the  presence  of  distinct  postfrontals, 
and  the  attachment  thereto  of  the  ectopterygoids,  whereby  they 
form  an  anterior  point  of  suspension  of  the  lower  jaw,  through  the 
medium  of  the  pterygoid  and  ^rmpanic  bones;  in  the  connation 
of  the  pre&ontids  and  lacrymals. 

In  the  AmphMema  fuUc/in/osa  coalescence  still  further  simplifies 
the  oranial  structure:  the  ports  of  the  epencephalic  arch  con- 
stitute a  single  occipital  bone;  the  superoccipital  crest  extends 
forward  into  a  sagittal  one ;  a  small  foramen  marks  tlie  boundary  : 
the  premaxillary  is  sinjjlc,  and,  with  the  rest  of  the  upper  jaw,  is 
fixed  ;  the  tympanic  is  short,  conipared  with  that  of  true  Serpents, 
and  extends  almost  horizontally  forward,  in  a  line  with  the  lower 
jaw  which  it  supports ;  the  coronoid  is  more  developed.  The 
nostrils,  divided  by  the  premaxillary,  are  terminal;  or  even,  as 
ia  Lepidosternon,  may  open  behind  the  fore  end  of  the  skull :  in 
this  Amphisbasnian  ^e  maxillaries  overlap  the  nasals  to  join  the 
ptemazillary*  ^ 

>  GLXxm.,  pL  15,  figs.  8, 11. 
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§  34.  Skull  of  Lacertilia. — Lizards,  like  Serpents,  have  the  cra- 
nial l)ones,  especially  those  of  the  lisemal  arrlu  >  aud  api)en(lui^c8, 
more  elongated,  slender,  and  liberated  than  in  Crocodiles  and  Che- 
lonians;  the  temporal  vacuities  and  orbits  are  lavge^  and  the  external 
nostrils  are  apart  •  Lizards  retain  the  malo-equamosal  bar  connect 
ing  the  maxillary  with  the  tympanic ;  and  some  of  them  develope^ 
as  in  the  Crooodile,  the  upper  zygomatic  arch  formed  by  the  poet- 
frontal  and  mastoid.  The  nenrapophysial  walls  of  the  parietal  and 
firontal  segments  retain  much  of  ^eir  fibro-cartilaginous  tissue ;  and 
the  cranial  roof  is  there  sustained  by  a  bony  pillar  on  each  aide 
(*  columella '  of  Cuvier),  which  has  its  base  implanted  in  a  fossa 
of  the  pterygoid,  and  underprops  the  parietal  near  its  outer  border. 
The  homologies  of  the  cranial  bones  of  the  Python,  figs.  96  and 
97,  with  those  of  the  Crocodile,  fii^s.  93,  94,  and  95,  being  recog- 
nised, those  of  any  Lizard  will  l)e  readily  understood. 

In  a  New  Zealand  Gecko  {Bhynchocephalus  ^)  the  occipital  con- 
dyle is  unusually  elongated  transversely,  and  presents  the  form  of 
a  crescentic,  convex  bar,  bent  upward.  The  basisphenoid  sends 
down  two  short  processes  to  abut  against  the  pterygoids.  The 
parietal  bone  is  perforated  by  a  small  median  fontanelle  close  to 
the  sagittal  suture :  its  upper  surface  presents  two  strong  curved 
and  approximated  temporal  crests,  divided  by  a  median,  angular, 
longitudinal  furrow :  the  crests  are  continued  outward  upon  the 
posterior  bifurcated  part  of  the  parietal  to  be  continuous  with  tliat 
forming  the  upper  border  of  the  mastoid:  the  frontal  is  divided 
by  a  median  suture,  as  is  the  parietal  in  the  common  Ciecko. 
Tlic  posterior  frontal  supports  a  strong,  obtuse  ridge  furniiug  the 
back  part  of  the  frame  of  the  orbit,  and  unites  below  with  the 
nuUar  and  behind  with  the  mastoid.  The  premaxillary  bones  are 
divided  by  a  median  suture,  and  their  dentigerous  border  prefects 
below  the  level  of  that  of  the  maxillary  bones.  The  vomer  is 
likewise  divided  by  a  median  suture*  The  palatal  apertures  of 
the  nostrils  are  bounded  behind  by  the  vomer  and  palatal  plate  of 
the  maxillary :  this  plate  is  of  unusual  breadth,  as  compared  with 
the  Lizards  generally,  and  presents  the  unusual  peculiarity  t»l  a 
dentigerous  lidge  pai-allel  with  the  posterior  half  of  the  alveolar 
border.  It  is  situated  elose  to  the  inner  side  of  this  border,  leav- 
ing only  space  sutficient  for  the  reception  of  the  teeth  of  the 
imder  jaw.  The  teeth  are  confluent  with  the  summits  of  the 
proper  and  accessor}  alveolar  ridges.  The  palatine  bones  are 
united  together  along  the  anterior  halves.  The  rami  of  the  lower 
jaw  are  not  anchylosed  at  the  symphysis.    The  alveolar  border  is 
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serrated  l>y  a  rih^Ic  row  of  anchyloscd  tcctli.  The  coronoid  piece 
is  triangular,  rises  into  a  |x>int,  and  ])re8ent8  a  smooth  articular 
Biuface  on  its  inner  side^  adapted  to  the  anterior  lateral  projection 
of  the  pterygoid. 

In  the  skull  of  the  black  Scink  (  Ci/clodus  niffer)^  the  frontal  and 
parietal  bones  are  thick  and  expanded ;  the  parietal  is  bifurcated 
behind,  and  articulated  with  the  mastoids  and  paroccipitals*  The 
postfroDtala  are  separated  from  the  malars  by  the  squamosals, 
whidi  extend  between  the  malars  and  the  mastoids  to  form  the 
strong  lateral  bony  arch  resting  anteriorly  upon  the  malar  and  the 
maxillary,  and  ])osteriorly  on  the  i)ark'tal  and  tynipaiiic.  Con- 
comitantly with  the  strong  osseous  roof  ol"  the  cranium,  there  is 
an  arrest   of  osseous   developcmcnt  in  the  fibro-mend)rauou8 
neurapophysial  walls    of  the  cranium ;   two  lateral  processes 
extend  downward  into  these  walls  from  the  ])arictal  and  for- 
ward from  the  exoocipitals ;  but  the  protective  office  of  the 
alisphenoida  is  solely  performed  by  the  columnar  *  columellse,' 
whkh  extend  from   the  interspaces  of  the  processes  above 
mentioned,  to  rest  upon  the  upper  groove  of  the  pterygoids. 
The  orbitoephenoids  are  represented  by  still  more  slender  bony 
stales,  which  circumscribe  the  outlets  for  the  optic  nerves,  and 
form  the  anterior  boundary  of  the  prosencephalic  division  of  the 
cranium.    The  lui^rynial  ])oncs  are  large  and  divided  on  each  side, 
as  in  most  Lizards.    The  premaxiUaries  are  confluent,  and  their 
nasal  proeess  separates  the  external  nostrils  from  each  oiiier. 
Each  pterygoid  {presents  a  rough  surface  towards  the  palate,  but 
docs  not  support  teeth.    There  is  a  small  ossicle  between  the 
pterygoid  processes  of  the  sphenoid  and  the  true  pterygoid  bones. 
The  columelliform  stapes  is  extremely  long  and  elender. 

In  the  Iguana  the  parietal  supports  a  single  median  crest;  the 
posterior  margin  of  the  frontal  is  notched  by  the  fronto-parietal 
fontaneUe :  both  lacrymal  and  postfrontal  are  subdivided  into  two 
'  pieces;  the  lacrymal  foramen  is  a '  conjugational'  one  between  the 
two  \)iece8.  The  upper  portion  of  the  lacrjTnal  represents  the 
fecial  part  of  the  prefrouial;  it  docs  not  send  down  a  neurapo- 
physial ])late  to  join  the  vomer  or  palatines,  nor  forms  any  part  of 
the  lateral  walls  of  tin  i  liinenceplialic  cavity,  or  of  the  foramen 
for  the  transmission  oi'  the  olfactory  nerves.  The  j»alatine  nostrils, 
fig.  U8,  D,  jiy  are  very  long,  and  notch  the  large  palatines,  20;  the 
pterygoids,  24,  each  support  a  row  of  small  teeth. 

In  the  skull  of  the  Monitor  Lizard  ( Varanus  nil&ticus)  the 
Woccipital  sends  down  a  pair  of  short,  obtuse  hypapophyses : 
those  of  the  basisphenoid  are  larger  and  abut  agunst  the  ptery- 
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golds :  these  bones  are  applied  to  the  back  part  of  the  tympanic, 
and  the  slender  'columt  lhi'  rests  upon  the  middle  of  their  ii[)per 
surface.  The  parietal  is  perforated  near  its  anterior  border. 
The  postfrontal  has  a  descending  |)ostorbital  process.  The  pre- 
frontal develojies  a  partial  post-lateral  wall  for  the  rhinencephalic 
chamber;  externally  it  supports  an  antorbital  dermal  bone:  the 
small  perforated  lacrymal  is  a  distinct  bone.  The  nasal  and  pre- 
maxillary  are  both  single  bones,  as  in  most  Lacertians*  The 
malar,  wedged  anteriorly  between  the  maxillary,  palatine,  ladymal 
and  ectopterygoid,  curves  backward  as  a  slender  style  terminating 
in  a  point,  leaving  the  orbit  uncirded  by  bone  belund:  the 
squamosal,  wedged  behind  between  the  mastoid  and  tympanic, 
curves  forward  to  a  point  beneath  the  ])ostfrontal. 

In  the  American  Monitor  ( Trjus  nigropunctdftiA  tlie  nasals  are 
divided:  the  malar  articulair-  liehind  with  the  postorbital — a  dis- 
memberment of  the  postlVontal,  wliieh  continnes  the  zygomatic 
arch  with  the  squamosal :  there  is  no  *  foramen  parietale.' 

In  the  Chameleon  the  teeth  are  shQrt,  and  so  confluent  with  the 
jaws  that  these  appear  to  have  simply  a  serrated  margin.  The 
external  nostrils  perforate  the  maxilluy  bone ;  a  long,  compressed, 
serrated  crest  arches  upward  and  backward  from  the  superoci^pital 
and  parietal  bones,  and  joins  die  processes  of  bone  continued  from 
the  mastoids.  In  the  Ckameleo  bifureuB  the  anterior  fork-like 
productions  are  formed  by  the  maxillary  and  prefrontal  bones. 
The  premaxillary  at  the  bottom  of  the  cleft  is  very  small. 

In  Draco  volans  tliere  is  merely  the  rudiment  of  a  spine  or 
ridcre  from  the  superoccipital ;  an  arched  transverse  ridge  separates 
tlie  occipital  from  the  parietal  rej^ion  of  the  skull.  The  po?t- 
frontal,  mastoid,  and  paroccipital  project  successively  from  their 
respective  cranial  segments,  and  well  manifest  their  character  as 
the  transverse  processes  of  these. 

The  vacuities  in  the  bony  palate  are  many,  and  show  much 
variety  in  the  cold-blooded,  especially  the  reptilian,  series,  in 
regard  to  their  number,  kind,  and  relative  size.  The  most  con- 
stant are  those  wluch  are  more  or  less  drcumscribed  by  the  max- 
illary  and  pterygoid,  and  constitute  a  ])air.  They  are  present  in 
Poltfj)tcrus  and  most  Ganoids,  bounded  outwardly  by  the  maxil- 
la i}-,  medially  by  the  palatine,  and  beliind  l)y  the  pterygoid. 
In  the  Meno|)()nie  tlie  vomer,  fiof.  73,  /,  forms  tlie  median  and 
the  pterygoid,/,  the  posterior  boundary.  In  the  Frog,  iig.  98, 
A,  the  pterygo-maxillary  vacuities,  y,  are  divided  from  each 
other  by  the  basisphenoid ;  whilst  the  palatine  forms  the  front 
boundary  and  separates  them  from  the  nasal  apertures,  n.  In 
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Lizards,  ib.  D,  the  palatine  20,  and  pter^'CToid  24,  form  the  median 
boundary,  the  niaxiUary,  21,  and  cctopterygoid  the  outer  one  of 
hi  the  Crocodiles,  ib.  C,  the  i)alatine  20  forms  the  median,  tlie 
ectopterygoid  25  the  outer,  the  maxillary  21  the  fore,  and  the  ptery- 
goid 24  with  the  ectopterygoid  the  hind,  boundary.  In  the  Che- 
kmia  there  is  no  ectopterygoid  to  divide  the  pterygo-maxlllary 
vacnity  frixn  the  lower  opening  of  the  temporal  fossa.  The  next 
openings  in  point  of  constancy  are  the  palatal,  or  posterior, 
or  internal  nostrils  — *  palatonares ; '  but  they  are  yariously  formed 
md  ntoated.  In  the  Menopome,  fig.  73,  there  is  no  palatine  bone 
to  divide  them  from  the  pterygo-nuudllary  vacuity  ;  in  fig.  98  a, 
ihe  Frog,  the  transverse  palatine  forms  the  posterior  boundary 
ot  the  |)ahitonares,  //,  the  vomer  the  inner,  and  the  maxillary  the 
outer,  boundary;  they  are  similarly  encompassed  in  the  Lizards, 


98 


Jtnmk  TtfMM.  Crocodile.  J(fuana. 

PaUul  ajterturea,  B^lia. 


ib.  D,  n.  In  the  Crocmllles,  the  palatonares,  ib.  C,  n,  form  a  single 
aperture  surrowided  by  the  pterygoids,  and  situated  far  back. 
There  is  also  a  single  premaxillary  foramen,  ib.  c,  p,  at  the  fore 
part  of  the  bony  palate.  This  is  sometimes  divided  into  two  by  the 
prenuudllary,  like  the  external  nostrils,  as  in  the  Iguamt,  ib.  d,  p. 
In  most  Lizards  there  is  a  more  or  less  elongate  '  interpterygoid' 
vacuity,  ib.  D,  s,  bounded  behind  by  the  hypapophyses  of  the 
basisphenoid,  laterally  by  the  pterygoids,  and  usually  extending 
wme  way  between  the  palatines.  In  the  Mosasattrus  the  inter-  • 
pterygoid  fissure  does  not  extend  far  back  between  the  pterygoids, 
but  is  hounded  in  a  greater  proportion  by  the  palatines.  Some- 
times there  is  a  distinct  sxnall  '  iutcrpaiatine'  vacuity,  ib.  m,  iu 
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advance  of  the  interpterygoid ;  aud  more  rarely  there  occurs  an 
'intervomerine'  yacuity  stUl  more  in  advance. 

Thus  there  are  definable  and  nameable,  in  the  bony  pakte  of 
reptiles,  the  '  pterygo-maxillaiy/  *  paktonarial/  '  premaxillary/ 
'interpterygoid/  'interpalatal/  and  'intervomerine'  vacuitleB  or 
foramina —  more  or  less  valuable  as  characters  of  recent  and 
extinct  species. 

§  35.  Skull  of  Ichtln/ojiliTi/fjia. — Amongst  the  illustrations  of 
extreme  varieties  in  the  reptilian  hkiill  which  Palaeontology  has 
brought  to  liglit,  may  be  cited  the  Ichthyosaurus,  the  Dicynodon, 
and  the  Ptprndach/Jns. 

That  of  the  first  combines  in  a  peculiar  manner  some  piscine 
with  reptilian  characters.  It  differs  firom  all  existing  Reptilia  in 
the  great  size  of  the  premaxillary,  fig.  105^  i2,  and  small  size  of 
the  maxillary,  21 ;  in  tlie  lateral  aspects  and  antorbital  position  of 
the  nostrils ;  in  the  inunense  size  of  the  orbits^  and  in  the  large  and 
numerous  sclerotic  plates^  which  latter  structures  give  to  the  skull 
of  the  lehthyoiaurus  its  most  striking  features. 

The  two  supplemental  bones  of  the  sktdl,  which  have  no  homo- 
logues  in  eidsling  Crocodilians,  are  the  postorbital  and  super- 
squamosal ;  both,  however,  arc  developed  in  Archegosaurus  and 
the  Lal)yrlnthodont8.  The  postorbital  is  the  humologue  of  the 
inferior  division  of  the  postfrontal  in  those  Laccrtlans  —  e.  g., 
LjiKuuiy  TejuSy  OphrsauruSy  Aiujttisy  in  wliich  that  bone  ia  said  to 
be  divided  ;  but  in  Ichtht/osdiiriis  it  more  resembh  a  di>^meniber- 
ment  of  the  malar,  26.  Its  thin  obtuse  scnlc-like  lower  end  over- 
laps and  joins  by  a  si^uamous  suture  the  hind  end  of  the  malar : 
the  postorbital  expand.^  as  it  ascends  to  the  middle  of  the  back  of 
the  orbit,  then  gradually  contracts  to  a  point  as  it  curves  upward 
and  forward,  articulatbig  with  the  supersquamoaal  and  post- 
frontal,  IS.  The  supersquamoeal  may  be  in  like  manner  regarded 
as  a  dismemberment  of  the  squamosal,  S7 ;  were  it  confluent  there- 
with, the  resemblance  which  the  bone  would  present  to  the  zygo- 
matic and  squamosal  parts  of  the  mammalian  temporal  bone  would 
be  very  close ;  save  that  the  squamous  part  would  be  removed 
from  the  inner  to  tlie  outer  wall  of  the  temporal  io^^n^  The  nostril 
13  bounded  by  the  lacrymal,  73,  nasal,  ir.,  maxiUary,  iii,  and  pre- 
niaxlllary,  22,  bones.  It  is  distant  from  the  orbit  about  half  its  own 
long  diameter.    Like  the  orbit,  the  plane  of  its  outlet  is  vertical. 

The  pterygo-niaxillary  vacuities  are  very  long  and  narrow, 
broadeat  behind,  where  they  are  bounded,  Od  in  Lizards,  by  the 
anterior  concavities  of  the  basisphenoid,  and  gradually  narrowing 
to  a  point  close  to  the  paUtine  nostrila.    These  are  smaller  than 
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in  most  Llznnls,  and  are  cirnmiscribed  by  tlio  palatines,  ccto- 
pterygoid,  niaxilhu*y,  and  prciuaxillary.  The  ptery^roniaJar  fis- 
sures are  the  lower  outlets  of  the  temporal  fossae;  their  euddcn 
posterior  breadth,  due  to  the  eniargination  of  the  pterygoid,  relates 
to  the  passfige  of  the  musclet^  fnr  attachment  to  the  lower  jaw. 
The  parietal  ^Hwmea  is  bounded  by  both  ptrietala  and  frontab, 
11 ;  Its  presence  is  a  mark  of  labyrinthodont  and  lacertian  affini- 
ties ;  its  formatton  is  like  that  in  Iguana  and  Rh^neluKephahu. 
The  ocdpitoparietal  yacuities  are  larger  than  in  CroeodiKa,  smaller 
than  in  LaeerHMa ;  ihey  are  bounded  internally  by  tbe  ban-,  ex-, 
and  super-occipitals,  externally  by  the  parietal  and  mastoid.  The 
auditory  apertures  arc  ])oundcd  by  the  tympanic  and  squa^- 
mosal :  the  tympanic,  28,  takes  a  greater  sliare  in  the  formation 
of  the  *  meatus  auditorius'  in  Lizards  ;  in  Crocodiles  the  bone  28 
is  restricted  to  that  which  it  takes  in  Tchthijosaurus^ 

In  coni{)aring  tlie  jaws  of  the  Ichf/u/osaurus  tcnm'rnsfris  with 
those  of  the  gangetic  Gharrial,  an  equal  degree  of  strength  and 
of  alveolar  border  for  teeth  result  from  two  yery  different  propor- 
tions in  which  the  maxillary  and  premaxiUary  bones  are  combmed 
together  to  form  the  upper  jaw.  The  prolongation  of  the  snout 
is  the  same :  the  difference  of  stmetare  relates  to  the  collectiye 
tendency  of  the  affinities  of  the  Ichthyoiaurw  to  an  antecedent 
htematocryal  type  of  stracture  still  partly  shown  by  Lizards. 
The  backward  or  antorbital  position  of  the  nostrils,  like  that  in 
whales,  is  related  to  the  marine  existence  of  the  Ichthyosaurs. 
But  in  the  Labyrinthodonts,  in  which  the  nostrils  are  nearer  the 
fore  part  of  the  head,  their  anterior  bounilaiies  are  formed  by 
the  premaxillarics,  as  in  modern  Lizards :  it  appears,  therefore, 
to  be  in  conformity  with  these  affinities  that  the  premaxillaries 
of  the  Ichthyosaur  should  enter  into  the  same  rehition  with  the 
nostrils,  although  this  involves  an  extent  of  anterior  develope- 
ment  proportionate  to  the  length  of  the  jaws,  the  forward  pro- 
fhiction  of  which  sharp-toothed  instruments  fitted  the  Ichthyosaar^ 
like  tlie  modem  Dolphin  for  the  prehension  of  agile  fishes. 

§  36.  Skull  of  DicynodonHeu  —  The  sknli  of  the  Dicynodon, 
fig.  99«  b  articnlated  with  the  atlas  by  a  nngle  condyle,  formed  by 
the  basi-  and  ex-oocipitals  in  equal  proportions :  the  latter  haye 
coalesced,  as  in  die  Crocodiles,  with  the  paroccipitals.  The  pane- 
tals  form  one  bone,  perforated  by  a  small '  foramen  parietale  *  close 
to  the  coronal  suture.  The  frontuU,  ii,  contribute  a  share  to  the 
cjuperorbital  border ;  their  meclian  suture  is  distinct,  as  is  that 
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between  the  nasals,  15.  The  prefrontal,  u,  extends  to  the  nostril,  n. 
The  lacrymal,  13,  forms  the  rest  of  the  fore  part  of  the  orbit,  ex- 
tending forward  upon  the  face.  The  sides  of  the  premaxillary,  22, 
bend  abruptly  down  in  front  of  the  nostrils,  to  join  the  maxillary, 
20,  21  ;  this  forms  the  lower  boundary  of  the  nostril,  n,  and  joins 
above  and  beliind  whh  the  prefrontal,  lacrymal,  and  nasal  bones  : 
the  maxillary  projects  below  the  orbit,  like  a  forward  continuation 
of  the  zygoma,  becomes  more  prominent  as  it  advances,  and  soon 
forms  the  outer  angle  of  the  three-sided  socket  of  the  canine  tusk,  c. 
There  is  a  single  but  strong  zygomatic  arch  formed  by  the  malar, 
26,  and  squamosal,  27,  abutting  against  the  upper  end  of  the  tym- 
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panic  pedicle,  28.  The  rami  of  the  lower  jaw  augment  in  depth 
from  the  angle  to  the  symphysis,  where  they  are  confluent.  The 
angle  projects  a  very  little  way  beyond  the  articulation.  The 
articular  surface  is  moderately  concave,  and  looks  obliquely  up- 
ward and  backward.  The  elements  of  the  posterior  half  of  the 
ramus  answer  to  the  articular,  angular,  26,  and  surangular,  25.  A 
thin  vertical  splenial  plate,  on  the  inner  side  of  the  ramus,  begins 
about  an  inch  in  advance  of  the  angle,  and  extends  forward  to  the 
symphysis,  at  the  back  part  of  which  it  appears  to  become  con- 
fluent with  its  fellow.  The  part  answering  to  the  angular  diverges 
from  the  surangular,  and  forms  the  hind  boundary  of  an  oblong 
vacuity  at  the  middle  of  the  side  of  the  ramus,  the  fore  part  of 
which  vacuity  is  formed  by  a  bifurcation  of  the  dentary  element, 
23.  This  is  thickened  and  strengthened  by  a  ridge,  subsiding  at 
the  vertical  channel  upon  the  side  of  the  symphysis,  receiving  the 
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tusk^  *,  when  the  mouth  is  closed.  The  sympliysis  of  the  man- 
dible is  peculiarly  maaaive — broad,  high,  and  thick.  Anteriorly 
it  is  convex  in  every  direction ;  it  is  bent  or  produced  upward, 
terminating  in  a  broad  trenchant  margiuy  like  the  fore  part  of  the 
lower  mandible  of  a  macaw.  The  modification  of  the  back  part 
of  the  cranium*  especially  the  great  expansion  due  exdusively  to 
the  developement  of  ridges  for  augmenting  the  surfiuse  of  attach- 
ment of  muscles  (for  the  brain  of  the  coldrblooded  reptile  would 
need  but  a  small  spot  of  the  centre  of  the  occipital  plates  for  its 
protection),  indicates  the  power  that  was  brought  to  bear  upon 
the  head  as  the  framework  in  which  were  strongly  fixed  the  two 
large  tusks.  The  strength  or  resistance  of  the  cavities  receiving 
the  deeply  iTii])lanted  bases  of  tlie  tusks  was  increased  by  the 
ridii;eH  devei(>j*ed  from  the  outtr  part  of  their  bony  wall. 

Only  the  Crocodiles  now  show  a  like  extent  of  ossi  Heat  ion  of  the 
occiput,  and  only  the  Chelonians  the  trenchant  toothless  mandible ; 
but  in  both  the  outer  nostril  is  single  and  median :  the  Lizards 
repeat  the  divided  apertures  for  respiring  ur :  in  Mammals  alone 
do  wc  find  a  developement  of  canine  tusks  like  that  in  the 
Dicynodonts. 

$  37.  SkuU  of  Fierosaurta.^The  skull  of  the  Fterodactyle, 
fig.  Ill*  was  as  remarkable  for  its  light  and  delicate  structure  as 
that  of  the  Dicynodont  for  its  compact  massiveness.  It  had  a 
single  ocdpital  condyle  :  a  post-^nto-mastoid  arch  and  a  malo- 

squamosal  arch  on  each  side;  tlie  latter  abutting  ai^ainst  the  end 
of  the  tympanic  pedicle.  The  orbit  was  large,  and  the  eyeball 
defended  by  sclerotic  plates.  The  external  nostrils  were  ided, 
and  placed  about  midway  between  tlie  orbits  and  the  muzzle. 
There  was  a  large  vacuity  between  the  orbits,  o,  and  nostrils^  n. 
The  jaws  varied  much  in  length  in  different  species. 

§  38.  Scapular  arch  and  a^ppeadage^  —  Parts  which  project 
from  the  body  to  act  on  the  surrounding  medium  commence  as 
a  bud  or  fold  of  skin,  within  which  is  formed  the  framework,  in 
texture  and  structure  according  to  the  work  to  be  done.  The 
reaction  of  the  medium,  whether  air»  water,  or  earth,  calls  for  the 
due  resistance  usually  afforded  by  junction  of  the  projecting  part 
with  a  segment  of  the  endoskeleton.  Thus,  in  Fishes,  the  frame 
of  the  opercular  fiap  articulates  with  the  tympano-mandibular 
arch:  diat  of  the  branchiostegal  (gill*^vering)  fiap  with  the 
haemal  arch  of  the  parietal  vertebra :  that  of  the  pectoral  flaj)  or 
limb  with  the  same  arch  of  the  occipital  vertebra.  The  frame 
of  the  caudal  iiap  or  tin  is  attached  to  the  terminal  vertebra'  of 
the  biKly :  those  of  the  dorsal  and  anal  fins  are  less  firmly  inter- 
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locked  with  the  neural  and  haemAl  B|nxie8  bf  more  adyanoed 

Tertcbrac. 

All  these  Tarions  supports  of  flaps,  fins^  or  limbs  belong  to  the 
same  natural  genetio  group  of  skeletal  parts :  their  peripheral  rays 
are  not  *  demud  bones;'  they  are  developed  between  folds,  not  in 
the  substance,  of  the  integument;  although  in  some  instances 
they  press  away  the  skin  and  become  coated  by  a  ganoid  conver- 
sion  or  calcification  of  ita  outer  layer. 

The  most  simple  condition  of  the  parial  (pectoral  and  pelvic) 
limbs  is  manifested  by  the  Lepidosircn,  fig.  100.  A  filamentary 
appendage  is  sustained  by  a  single  many-jointed  cartilaginous  ray, 
fig.  101  A,  a.  In  one  species  there  are  attached  at  right  angles 
to  the  pectoral  ray  fine  filaments  sust^iining  the  narrow  lold 
of  membrane  continued  from  its  posterior  side.  A  siinihir  series 
of  finer  rays  %upport8  the  membrane  continued  from  the  dorsal 
detached  dermoneurals  of  Fofypterus. 


The  arch  sustaining  the  pectoral  limbs  of  Lrpidosirrn  is  also 
simple,  departing  least  from  its  archetypal  condition.  A  long 
straight  cylindrical  bone,  fig.  101,  a,  51,;?/,  is  attached  by  a  short 
ligamentous  nuiss  to  the  epencephaUo  arch,  ib.  n,  of  wliich  it  is 
the  rib,  or  *  pleurapophysis,'  assuming  in  ulterior  developements 
the  special  name  of  '  scapula.'  With  each  scapula  is  articulated  a 
larger  and  more  flattened  bone,  ib.  ss:  the  two  converge  and 
meet  at  their  lower  ends,  completing,  as  hiemapophyses,  a  widely 
expanded  htemal  arch.  The  entire  segment,  a,  conforms  to  the 
thoracic  modification  of  the  archetype  yertebrayfig.  19 ;  and,  nmi- 
larly,  is  expanded  in  order  to  encompass  and  protect  the  heart :  but 
it  is  simplified  by  the  absence  of  the  hemal  si)ine  in  Pro^ptems^ 
as  the  neural  spine  is  sometimes  wanting  in  a  neural  arch.  The 
hiemapophysis,  A,  in  ascending  the  vertebrate  scale,  assumes  special 
forms,  signified  by  the  term  *coracoid;  with  the  number  52.  In 
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Protopteri^  as  in  more  piscine  ncpmatocrija,  the  coracoid  CX- 
clii^ivt  ly       pin  ts  the  appen(la<i^e  or  limb. 

From  the  condition  exempliiied  in  fig.  101,  A,  the  developement 
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of  the  pectoral  member  diverges  in  two  directions:  one  by  multi- 
plication of  manj-jointcd  rays,  the  other  by  simplification  as  to 
number  of  rays  afui  joints,  with  special  modification  and  differen- 
tiation of  the  latter. 

§  39*  Pectoral  Umb  of  Fishes. — The  first  series  of  modifications 
is  now  confined  to  Fishes:  but,  before  describing  the  appendage, 
a  brief  notice  of  the  arch  is  requisite. 

In  most  Osseous  Fishes  the  pleurapophysis  of  the  occipital,  like 
that  of  the  two  antecedent  cnmial  vertebra;,  is  in  more  than  one 
piece;  but  the  divi.>*i()n8  do  not  exceed  two.  The  upper  piece 
{supraat  upula)  is  commonly  bifurcate,  uj?  in  the  Cod,  figs.  34,  75, 
81,  50,  the  lower  prong  answering  to  tlie  *  liead,'  the  upper  one  to 
the  Mnbercle'  of  tlie  thoracic  rib  in  tlie  Crocodile:  the  latter 
articulates  with  the  transverse  process  ijKiroccljtital).  The  lower 
piece  {scapula),  ib.  61,  is  a  slender  straight  bone,  j)ointed  below, 
and  mortised  into  a  groove  of  the  coracoid,  ib.  52.  The  two  parts 
of  the  scapula  are  confluent  in  the  Biluroid  Fishes.  In  the 
Munenoids  the  suprascapula  in  ligamentous,  and  loosely  appends 
the  scapular  arch  to  the  skulL  In  the  Plagiostomi  the  arch  is 
detached  firom  its  vertebra,  and  has  receded  in  position,  to  allow, 
as  it  seems,  for  the  great  expanse  of  the  appended  fin. 

The  hsemapophysis,  or  *  coracoid,'  figs.  34,  38,  39,  75,  85,  69,  is 
longer  and  usually  broader  than  the  scapula.   In  the  Cod-tribe, 
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its  pointed  nppelr  extremity  projects  behind  that  bone  and  almost 

touches  the  suprascapiila ;  a  broad  angular  plate  of  the  coracoid 
projects  backvvurd  and  crivee  attachment  to  the  radiated  appendage, 
below  which  it  bends  Inward  and  lurward,  gradually  decreai»iug 
to  a  pulnt,  whicli  Is  connected  by  li<^ument  to  its  fellow,  and  to 
the  iiroliyal  bone,  fig.  43.  The  inner  side  of  the  coracoid  is  ex- 
cavated, and  its  anterior  margin  folded  inward  and  backward^ 
lodging  the  origin  of  the  great  lateral  muscle  of  the  trunk. 

In  most  fishes  the  lower  end  of  the  arch  is  completed,  as  in  the 
Cod,  by  the  ligamentous  symphysis  of  the  coracoids ;  but  in  the 
Siluri  and  Platycephali  the  eoracoids  expand  below,  and  are  firmly 
joined  together  by  a  dentated  suture.  In  all  Fishes  they  support 
and  defend  the  heart,  and  form  the  frame,  or  sill,  against  which 
the  opercular  and  branchiostegal  doors  shut  in  closing  the  great 
branchial  caTity ;  they  also  give  attadunent  to  the  aponeurotic 
diaphragm,  dividing  the  pericardial  from  the  abdominal  cavity. 

To  the  inner  side  ot"  the  uj)j)er  end  of  the  coracoid  tlierc  is 
attached,  in  the  Cod  and  Cai  p,  a  bony  appendage  in  the  fnnn  of 
a  pinn-le  styliform  rib;  but  in  other  Fishes  this  is  more  frequently 
conntused  of  two  pieces,  as  in  tlie  Perch.  This  single'  ur  double 
bone,  figs.  34,  38,  85,  58,  is  sii<^litiy  expanded  at  its  upper  end  iu 
the  Codotribe,  where  it  is  attached  by  ligament  to  the  iinier  side 
of  the  angular  process  of  the  coracoid :  its  slender  pointed  portion 
extends  downward  and  backward,  and  terminates  freely  in  the 
lateral  mass  of  muscles.  la  the  Batrachus  its  upper  extremity 
rises  above  the  coracoid,  and  is  directly  attached  to  the  spinous 
process  of  the  atlas.  In  some  Fishes,  as  the  Snipe-fish  (^CentrUeug 
8colopax)y  the  Cock-fish  {Argyreiostu  Fbmer),  the  Lancet-fish 
{Stffanus)y  it  is  joined  by  the  lower  end  to  the  corresponding 
bone  of  the  opposite  side,  thus  completing  an  independent  in- 
verted arch,  behind  the  scapular  one.  There  is  some  reason, 
therefore,  for  viewing  the  bone  58  as  representing  the  haemal 
arch  of  the  atlas,  or  its  hiemapophysial  portion. 

The  usually  free  lower  extremities  of  these  hajmapophypcs,  to- 
gether with  their  taking  no  share  in  the  direct  support  of  the  peo- 
toral  fins,  and  their  inconstant  existence,  oppose  the  view  of  their 
special  homology  with  the  coracoids  of  higher  Vertebrates. 
To  that  with  the  *  clavicles*  of  higher  classes  it  has  been 
objected  that  these  bones  are  always  situated  in  those  classes  in 
advance  of  the  coracoids;  but  this  inverted  position  may  be  a 
consequence  of  the  backward  displacement  of  the  scapula  and 
coracoid  in  the  mr-breathing  Vertebrates. 

The  appendage  of  the  scapular  arch,  in  most  Osseous  Fishes, 
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18  Gompoeed  of  three  segments :  the  iirsti  of  two^  rarely  of  three, 
bones  immediately  articulated  with  the  coracoid  ;  the  next,  of  a 
series  of  from  two  to  six  smaller  bones ;  which,  lastly,  support  a 
aeries  of  spines  or  jointed  rays.  These  rays  serially  repeat  the 
hnochiostegal  rays  in  tiie  hyoidean  ai)pendage,  and  the  opercular 
rays  in  the  tympanic  appendage.  The  vegetative  repetition  of 
dijjfits  and  joints,  and  the  vegetative  sameness  of  form  in  those 
multiplied  peripheral  parts  of  tlie  fins  of  Fishes,  accord  with  the 
characters  of  all  other  organs  on  their  first  introduction  into  the 
animal  series.  The  single  row  of  fewer  ossicles,  figs.  34  and 
81,  sf),  supporting  the  rays,  57,  obviously  represents  the  double 
carpal  series  in  Mammals;  and  the  bones  of  the  hrachium  and 
antihrschium  seem  in  like  manner  to  be  reduced  to  a  single  series, 
In  the  ventral  fin,  fig.  34,  v,  no  segment  is  developed 
between  the  arch,  63,  and  the  digital  rays,  7o :  it  is  in  this  respect 
like  the  hranchiostegal  fin,  40,  44. 

The  pectoral  fin  is  dhrected  backward,  and  being  applied, 
prone,  to  the  lateral  surface  of  the  trunk,  the  ray  or  digit  answer- 
ing to  the  thumb  is  toward  the  ventral  surface.  The  lowest  of 
the  bones  supporting  the  carpus  should,  therefore,  ])e  regarded  as 
tlie  radius  (figs.  34  and  81,  54),  holding  the  ])osition  which  that 
hone  nnqiiestionably  does  in  the  similarly  disposed  pectoral  fin  of 
the  Plesiosavir,  fig.  45,  54,  and  Cetacea.  The  uf>pcr  bone,  which 
commonly  affords  support  to  a  smaller  proportion  of  the  carpal 
row,  may  be  compared  to  the  ulna  (ib.  55).  As  a  third  small 
bone  is  articulated  to  the  coracoid,  in  some  Osseous  Fishes, 
at  least  in  their  unmature  state,  the  name  of  humerus  may  be 
confined  to  that  bone ;  but  in  these  it  is  generally  above  and  on 
the  inner  side  of  the  ulna,  and  seems  to  be  rather  a  dismember- 
ment of  it.  in  the  SalmanieUB,  it  is  more  distinctly  developed ; 
it  is  ardeulated  in  the  Bull-trout  (S,  erioxY  to  the  middle  of  the 
hack  part  of  the  coracoid  by  a  transyerscly  elongated  extremity  ; 
and  is  expanded  at  its  distal  end,  where  it  articulates  by  cartilage 
^ith  the  radius  and  ulna.  In  the  Cod,  Haddock,  and  most  other 
l'i.>hes  there  is  no  separate  representative  of  the  buinerii«!  in 
these  the  ulna  is  a  short  and  broad  plate  of  bone,  deeply  emargi- 
nate  anteriorly,  attached  by  suture  to  the  coracoid,  and  by  the 
opposite  expanded  end  to  the  radius,  and  to  one  or  two  of  the 
earpal  ossicles,  and  directly  to  the  upper  or  ulnar  ray  of  the  fin. 

in  the  Bull-head  and  Sea-scorpion  {Cottus),  the  radius  and 
ulna  are  widely  separated,  and  two  of  the  large  square  carpal 

*  ZUT.  l>.  IS,  No.  46» 

Digitized  by  Google 


166 


ANATOMY  OF  YlUiTBBBATES. 


platr?*  in  their  interspace  articulate  directly  with  the  coracoid.  A 
»iiuiiar  arraugeinent  olnains  in  the  (luruardd  and  the  Wolf-fish; 
but  the  carpals  in  the  interspace  of  the  radius  and  ulna  are  sepai- 
rated  from  the  coracoids  by  a  space  occupied  hj  clear  cartilage  ; 
and  in  the  Wolf-fish  the  intermediate  carpals  are  almost  divided 
hj  two  opponte  notches.  The  ulna  is  perforated  in  all  these 
fishes.  The  radius  is  of  enormous  tasse  in  the  Opah  (LampriM^  the 
Cock-fish,  fig.  38,  and  the  Flying -fish ;  it  is  anchylosed  with  the 
coracoid  in  the  8Uuru»,  to  give  firmer  support  to  the  otroDg 
serrated  pectoral  spine.  Both  radius  and  ulna  are  connate  with 
the  coracoid  in  the  Angler  {LophiuSf  fig.  102,  54,  65). 

Tho  ossicles  culled  carj)als  are  usually  four  or  five  in  number. 
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as  in  the  Cod  tribe,  fiiij.  81,56;  they  progressively  increase  in 
length  from  the  ulnar  to  the  radial  side  of  the  carpus,  especially 
in  the  Parrot-fish  (Scarus)  and  the  ^lullets  (^Mugil).  They  are 
three  in  number  and  elongated  in  the  Polyptcrnp,  fig.  103,  56, 
but  are  reduced  to  two  in  number,  aud  more  elongated  in  the 
Lopliius,  fig.  102,  56);  thus  they  retain  in  this  species  and  in  the 
Sharks,  fig.  104,  their  primitive  form  of  *rays but  change  to  broad 
flat  bones  in  the  Wolf-fish,  just  as  the  rays  of  the  opercular  filn 
exchange  that  form  in  the  Plagiostomes  for  broad  and  flat  plates 
in  ordinary  Osseous  Fishes. 

The  rays  representing  the  metacarpal  and  phalantfial  bones  arc, 
in  the  Cod,  twenty  in  number,  and  all  soft,  jointed,  and  sometimes 
bifurcate  at  the  distal  end.  Their  proximal  ends  are  slightly 
expanded  and  overlap  each  other,  but  are  so  artieulated  as  to 
permit  an  obli<jue  divarication  (»f  the  rays  to  the  extent  permitted 
by  the  uniting  fin-memhrane,  the  eiuiibined  effeet  being  a  move- 
ment of  the  iin»  like  that  called  the  '  feathering  of  an  oar.'  Each 
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soft  and  jointed  ray  splits  easily  into  two  halved  as  far  as  itb  base, 
and  appears  to  be  essentially  a  conjoined  j)air. 

In  the  series  of  Osseous  Fishes  the  rays  of  the  pectoral  and 
ventral  fins  otiier  the  same  modifications  as  those  of  the  median 
fins,  on  which  have  been  founded  the  division  into  '  Mahiooptery- 
'  gians'  and  *  Acanthopterygians :  *  in  the  former,  the  last  or  ulnar 
fin-Aj,  18  usually  thicker  than  the  rest ;  in  the  latter  it  is  always 
a  haid,  unjcnnted  spine :  in  some  Fishes  it  £>ims  a  strong  pointed 
or  semted  weapon  (SUurus),  In  the  Ghimards,  fig.  82,  the  three 
lowest  rays  are  detached  and  free,  like  true  fingers ;  and  are  soft, 
multi-articulated,  and  larger  than  the  rest ;  they  are  supplied  by 
special  nerves,  which  conic  from  the  peculiar  ganglion io  enlarge- 
ments of  the  spinal  chord,  and  are  organs  of  exploration  and  of 
subaqueous  reptation.*  In  all  the  Gurnards  the  natatory  part  of 
the  pectoral  member  is  of  large  size;  but  in  one  species  {Dactylo- 
pterus)  it  presents  an  unusual  expanse,  and  is  able  by  its  stroke  to 
raise  and  sustain  for  a  brief  period  the  body  of  the  fish  in  the  air. 
The  pectoral  fins  present  a  still  greater  developement  in  the  true 
1  l  yiog-fish  {Ex&ccUum). 

In  some  Malaoopteri  and  Oanoidei  a  segment  analogous  to  a 
metacarpus  may  be  distinguished  by  modification  of  structure 
from  the  phalangeal  portion  of  the  fin  rays :  in  the  Poly  pterus 
there  are  seventeen  simple  cylindrical  metacarpal  bones,  fig.  103, 
57,  the  middle  ones  being  the  longest:  they  sustain  thirty-five 
digital  rays,  and  are  supported  by  jq3 
carpal  bones,  ib.  103,  of  which 
two  are  almost  as  remarkable  for 
their  length  as  in  the  Lophius ;  the 
third,  shorter  and  broader,  is  wedged 
into  ^e  interspace  of  the  two  longer 
cmes^but  does  not  directly  join  the  Bonaofpect  r  n  fr„,«,rfmi. 
metacarpus.  The  csjrpus  is  supported  by  a  small  radius,  55,  and 
ulna»  54,  which  articulate  directly  with  the  ooraooid.  A  further 
approadi  to  the  hi^^er  conditions  of  the  pectoral  member  is  made 
by  the  same  Fish  in  the  carpal  portion  projecting  freely  from  the 
side  of  the  body,  bs  in  the  Lophioid  Fishes.  In  the  Salmon, 
where  eleven  such  metacarpals  supjwrt  thirteen  or  fourteen  fiu- 
rays,  the  carpus  is  short  and  consists  of  four  bones. 

In  the  Plagiostomes  the  scapidar  arch  is  detached  from  the  oc- 
ciput, the  conditions  of  its  disj)lacement  being  the  more  varied  and 
Tigorous  use^  or  the  enormous  expanse^  of  the  pectoral  fin ;  per- 
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haps,  also,  the  more  posterior  position  of  the  heart  in  these  Fishes. 
In  the  Sharkri  and  Chimiuric  the  ai'ch  is  loosely  suspended  by 
ligaments  i'nnn  the  vertehral  column:  in  the  Kays  the  joint  of  re- 
Hi.stance  of  tboir  eiioriuous  pectoral  fins  has  a  firmer,  but  .-timewliat 
anomalous  attacinnent,  by  the  medium  of  the  coalesced  upper  ends 
of  the  suprascapular  pieces  t-o  the  summits  of  the  spines  of  the 
confluent  anterior  portion  of  the  thoracic  abdominal  vertebne.  In 
the  Sharks  the  scapular  arch  consists  chiefly  of  the  coracoid  por- 
tions^ fig,  104,  52,  which  are  confluent  t orrother  beneath  the  peri- 
cardium which  they  support  and  defend ;  the  scapular  ends  of  the 
arch»  connected  to  die  coracoids  by  ligament,  project  freely  upward* 
backward,  and  outward.  To  a  poeterior  prominence  of  the  cora- 
coid cartilage  corresponcting  with  the  anchylosed  radiua  and  ulna, 
ib.  54)  59,  in  the  Lophius,  there  are  attached,  in  the  Dog-fish  and 
most  other  Sharks,  three  sub-compressed,  sub-elongated  carpal 
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cartihujes,  tlie  uppermost,  ib.  56,  the  smallest,  and  styliform ;  it 
8U])jH>ri.s  the  up])er  or  outer  phalanp^eal  ray.  The  next  bone,  ib.  56', 
is  the  largest  and  triangular,  attached  by  its  apex  to  the  arch,  and 
supporting  by  its  base  the  majority  of  the  phalanges.  The  third 
carpal,  ib.  56^\  is  a  smaller  but  triangular  cartilage,  and  supports 
six  of  the  lower  or  radial  phalanges.  Three  joints  (metacarpal 
and  digital)  complete  each  cartalaginoua  ray  or  representative 
of  the  finger,  ib.  57 ;  and  into  the  outer  suifiace  of  the  last  are 
inserted  the  fine  homy  rays  or  filaments,  ib.  5/^  the  homologuea 
of  the  daws  and  nails  of  higlier  Vertebrata,  but  which  on  their  first 
appearance^  in  the  present  highly  urgunised  class  of  Fishes,  mani- 
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fci«t,  like  other  newly  introduced  orgrniP,  the  principle  of  vegetative 
rcpf  Tition,  there  heing  tlu'ee  or  four  horny  liiameiit<j  to  each  carti- 
laginons  ungual  phalanx. 

On  the  fore  part  of  the  coracoid  arch,  near  to  the  prominence 
supporting  the  fin,  there  are  developed  a  vertical  series  of  small 
bony  cylindrical  nuclei  in  the  subatance  of  the  cartilage  in  most 
Sharks.  In  the  Bays  the  coraco-scapular  arch  forms  an  entire 
circle  or  giidle  attached  to  the  dorsal  spines :  it  consists  of  one 
oontinnons  cardlage  in  the  Minobates,  bnt  in  other  Bays  is  divided 
into  coracoid,  scapular,  and  suprascapular  portions,  the  latter 
united  together  by  ligament.  The  scapula  and  coracoid  expand 
at  their  outer  ends,  where  they  join  each  other  by  three  points,  to 
each  of  which  a  cartilajxe  it^  articulated  homolocrous  to  the  three 
above  described  in  the  Shark,  and  which  i  in  mediately  sut-tala  the 
fiu-rayy.  The  posterior  cartilage  answering  to  the  upper  one  in 
the  Shark  curves  Ijackward  and  reaches  the  ventral  fin :  the  an- 
terior cartilage  curves  forward,  and  its  extremity  is  joined  by  the 
antorbital  process  as  it  proceeds  to  be  attached  to  tlie  end  of  the 
rostral  cartilage ;  the  middle  proximal  cartilage  is  comparatively 
short  and  crescentic,  and  sustains  about  a  sixth  part  of  the  fin-rays, 
which  are  the  longest,  the  rr  t  Ik  in  a*  supported  by  the  anterior 
and  posterior  carpals,  and  gradually  diminishing  in  length  as  they 
approach  the  ends  of  those  cartilagea. 

Developement  by  iixelatiYe  repetition  of  parts  reaches  a  maximum 
in  the  present  plagiostomous  group.  In  the  common  Bay,  fig.  64, 
there  are  upwards  of  a  hundred  many-jointed  fingers  in  each  pectoral 
limb  :  but  all  are  bound  up  in  a  common  function  of  the  simplest 
kind. 

§  40.  ]^>-rfnrnI  llinb  of  iirptUes, —  Thc  Other  route  of  developt  - 
mcnt  from  the  prototypal  condition  exempliticd  in  fig.  101,  a  and 
c,  leads  to  a  differentiation  of  the  several  divisions  and  j)arts  of  the 
limb,  and  their  adaptation  to  particular  functions  or  parts  of  com- 
bined and  varied  mechanical  actions. 

The  first  step,  as  manifested  in  the  Amphiume,  ib.  b,  g,  is  the 
formation  of  a  long  inflexible  segment,  as  a  lever  of  greater  resist- 
ance, 58  and  66;  this  is  followed  by  a  pair  of  similar,  but  shorter 
cylindrical  bones,  each  sustaining  a  ray  of  few  jointB.  The 
proximal  bone  assumes  through  ulterior  deyelopements  the  special 
name  '  humerus,'  or  arm-bone,  with  the  symbol  53,  in  the  fore 
limb;  and  of  *femur,'  or  thigh-bone,  with  the  symbol  65,  in  the  hind 
limb.  The  two  bones  of  the  next  segment  become,  in  the  fore 
limb,  'radius,'  64,  and  *  ulna,' 35  —  collectively,  antibrat  hiuiu  or 
<  fore-arm in  the  hind  limb,  tibia,  66,  fibula,  67  —  collectively. 
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the  cncmion  or  lonf.  The  mass  of  fibro-cartlla^e,  in  which 
more  or  fewer  obbicles  are  8ul)sequcntly  developed,  intcrjjosed 

between  the  antibrachiuin  and  terminal 
rays,  is  the  *  carpus,'  66 :  the  corre- 
sponding mass  in  the  hind  limb  is  the 
tarsiiS)  68.  The  terminal  rays  are  the 
digits,  called  'hand/  and  *  fingers,'  €9, 
in  the  fore  limb;  *foot'  and  'toes*  in 
the  hind  limb.  The  proximal  joints  of 
these  rays,  being  boimd  together  in  a 
sheath  of  int^^oment,  are  differentiated 
as  *  metacarpals'  in  the  hand,  and  '  meta- 
tarsals '  in  the  foot.  The  otlier  joints 
are  the  *  plialanjres/  ultimately  distin- 
guished as  *  proximal,'  *  middle,'  *  distal ' 
or  ^  ungual/  as  usually  supporting  a  claw 
or  nail. 

In  the  exUnct  Ga7ioeephala,  and  in  the 
few  surviving  ichthyomorphous  or  pcr- 
ennibranchiate  Batrachiay  the  simple 
type  of  limb,  as  in  fig.  101,  B,  is  re- 
tained; only  that  the  digital  rays  in- 
crease in  number  firom  the  'two'  in 
Amphtumoy  to  *  three '  in  Proteus^  and 
to  *four'  in  Menopoma,  fig.  43,  57,  and 
Axolotrs. 

In  thii  exi'mct  lchthi/opf/'n/(/i(f  the  dli^^its 
may  be  seven,  eight,  or  nine  in  number, 
and  consist  of  numerous  short  joints  — 
a  significant  mark  of  piscine  affinity: 
they  are  bonnd  together,  but  oonyerge 
towards  a  point :  the  joints  are  of  a  flat- 
tened angular  form,  and  interlock  with 
those  of  the  contiguous  digit,  the  whole 
forming  a  continuous,  broad,  slightly 
flexible  basis  of  support  to  the  fin.  The 
essential  distinction  from  the  fin  of  the 
fish  is  shown  by  the  well  developed 
*  humerus,'  53,  and  by  the  cumplex  sca- 
pular arch.  The  two  antibrachial  bones 
retain  the  piscine  shortness  and  breadth ; 
and  the  metacarpal  series  is  less  distinctly 
defined  than  in  some  fishes. 


8krl«'>iiii  nf  Trhfhito.intiriin,  wlili 
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The  scapula,  si,  is  sTiort  nixl  -traiGrht,  displnrcd  l)aokwar<l  jrom 
the  occiput,  and  contril)utinir  to  I'oriii  the  shoulder-joint,  ai*  in  the 
JBatrachia  and  higher  air-breathera :  hut  it  shows  a  certain  breadth 
and  flatness.  The  coracoid,  52,  is  still  broader,  not  cartilaginous 
as  In  most  perennibranchs,  but  well  ossified,  and  united  below 
with  its  fellow,  and  with  a  small  '  episternnm  *  of  a  triradiate 
fonn,  one  ray  of  which  is  wedged  into  the  fore  part  of  the 
intercoiacoid  fissure*  There  is  also  a  pair  of  bones,  so,  long  and 
slender,  articulated  with  the  fore  horder  of  the  scapula  and  the 
transverse  rays  of  the  episternnm :  they  are  the  clayicles.  A 
supplementary  flattened  bone,  the  *  epicoracoid,'  is  wedged  between 
the  scapula,  clavicle,  and  coracoid.  The  above  complex  and 
powerful  scapnlar  arch  would  cnahle  the  fore-paddles  to  aet  uj)on 
the  laiiii  with  sutiicient  power  to  effect  a  shutUing  forward  move- 
ment of  the  bmly,  as  in  the  Turtle  (  Chelone)  and  Seal  tri]>e :  but 
the  main  nfTice  of  the  fore-limb  in  the  Ichthyosaur  was  that  of  a 
pectoral  tin. 

In  the  Plesiosaurus,  fig.  45,  the  limbs  acquired  a  developcment 
more  closely  accordant  with  that  in  Chelone,  The  scnpuk,  51, 
developes  an  acromial  process  representing  the  clavicle.  The 
coracoid,  52,  is  unusually  extended  in  the  trunk's  axis,  and  is  united 
with  its  fellow  by  a  long  symphysis  interposed  between  the  an« 
terior  abdominal  rib  and  the  epistemtun ;  it  articulates  at  its  fore 
part  with  the  episternnm  and  davicular  process,  and,  ftirther  back, 
with  the  lower  end  of  the  scapula  to  form  the  humeral  joint. 

The  humerus  is  proportionally  longer  than  in  Ichthyosaurus ; 
the  radius  is  better  developed,  and  slightly  expanded  at  both  ends; 
the  ulna  retiiins  a  flattened  rcniform  shape.  The  carpal  series  is 
distinct,  in  a  douhle  row  of  o-sieles,  the  largest  at  the  radial  side 
of  the  wrist,  the  opposite  side  retaining  more  nno«j«5fied  material. 
The  digits  are  five  in  number,  with  the  proximal  and  more  elongate'd 
joints  repreaeuting  a  metacarpus.  The  phalanges  are  shorter,  and 
decrease  in  size  to  the  tips  of  the  digits,  which  converge.  The 
first  or  radial  digit  has  generally  3  phalanges,  the  second  from  5 
to  7,  the  third  8  or  9,  the  fourth  8,  the  fifth  5  or  6  :  all  are  flattened 
and  included  in  a  conmion  sheath  of  integument  like  those  of  the 
Turtle ;  but  the  paddle  had  no  claws* 

The  scapular  arch  retains  the  same  essential  simplicity  in  the 
Chelonian  as  in  the  Sauropterygian  order,  only  the  acromial  or 
clavicular  process  is  relatively  lou-.  1,  more  like  a  collarbone;  it 
extends  from  near  the  articular  part  of  the  scapula  toward  the 
median  line,  in  aiivance  of  the  coracoid,  fig.  51,  o,  with  the 
medial  end  ligamentously  attached  to  the  epistemal.    In  die 
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Tortoise  {Tcstudo)  it  is  shorter,  in  Chelys,  fig.  106,  h,  it  is  lonrrer 
than  the  8ca|juhi,  a,  Thi?*  bone  in  all  Chelonians  i?^  :i  -trong,  straif^ht 
columnar  one,  with  tlie  upper  end  connected  by  lijjjament  with  the 
inner  surface  of  the  first  costal  plate,  fig.  51,  N;  it  descends  ahnost 
vertically  to  the  shoulder-joint^  of  which  it  forms,  in  common  with 
the  coracoid,  the  *  glenoid*  cavity,  fig.  IO69  The  coracoid, 
Buturally  united  at  that  end  with  the  scapula,  passes  inward  and 
backward^  fig.  51,  o,  expanding  and  becoming  flattened  at  its 
median  end»  which  does  not  meet  its  fellow  nor  articulate  with 
the  sternum.   The  coraooid  is  broad  and  short  in  the  Tortoise ; 

long  and  slender  in  Chelone  and 
Emys^  fig.  51,  O,  of  internutriate 
j)roportious  in  TrUmifx  and  Chdfjs, 
fig.  106,  c.  The  scapular  arch 
and  proximal  part  of  the  limh  heing 
included  in  the  thoracic  abdoniiual 
box,  the  humerus  is  peculiarly 
bent  and  twisted  in  the  terre^ 
trial  species  in  order  to  emerge 
from  the  front  fissure^  and  phuit 
the  foot  on  the  ground,  fig.  51, 
p.  In  the  Tortoise  the  ordinary 
]>OBition  of  the  fore-limb  is  that 
of  extreme  pronation,  with  the 
olecranon  forward  and  outward, 
and  the  radial  side  of  the  hand 
downward.  The  capsule  of  the 
shoulder-joint  includes  a  consider- 
able part  of  the  neck  of  the 
humerus.  The  hemispheroid  head  projects  unusually  from  the 
back  part  of  the  bone,  which  looks  upward:  the  tuberosities 
are  hurge  and  bent  toward  the  palmar  aspect:  that  which  is 
internal  in  most  animals  is  here  '  postero-superior ; '  that  called 
'external*  is  'postero-intemal*  in  position;  from  the  former  is 
continued  the  *  deltoid  crest*  The  distal  end  is  expanded  and 
rather  flattened  from  before  backward.  In  the  Turtle  the  humeral 
shaft  and  its  lower  end  is  compressed  laterally :  and  the  bone 
is  almost  straight  in  those  marine  species ;  in  all  Chelonia  it  is 
solid  thronprhont.  The  ulna  is  shorter,  and  in  the  Turtle,  fig. 
107,  hy  the  olecranon  is  less  developed  than  in  the  Tortoi^^c,  fin-.  lOR, 
55.  The  contrast  between  the  marehers  and  the  swimmers  is 
most  striking  in  the  projKjrtions  of  the  toes.  In  the  Turtle, 
fig.  107,  the  pollex,  t,  is  short  and  has  two  phalanges  after  the 
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metacarpal :        last  phalanx  supportuig  a  claw.    The  three 

middle  digits,  ?V,  Hi,  iv,  have  each  three  loBg  phalanges,  the 
Ia<t  being  Hattoned  and  without  a  claw;  the  fifth  has  two  pha- 
lanijes.  All  these  are  connected  together  by  a  web.  In  the 
Toriuise,  fig.  108,  all  the  toes  are  very  short  and  subeqnal ;  and 
each  has  oiia  metacarpal  and  two  phalanges,  the  last  '-u  sporting  a 
claw ;  the  few  species  in  which  the  fifth  has  but  one  phalanx 
and  BO  claw  form  the  genus  Homopus,  Dum.  and  Bib.  In 
£niy$  europan,  fig.  51,  T,  V,  the  first  and  fifth  digits  have  each  a 
metacarpal  and  two  phalanges ;  the  others  have  three  phalanges ; 
the  last  bears  a  claw  in  each  digit.  In  the  Soft  or  Mud-turdes^ 
the  poUex  has  two  phalanges^  the 
woond  with  a  daw ;  the  three  middle 
di^ts  have  each  three  phalanges, 
but  only  the  index  and  medius  have 
the  elaw ;  the  fifth  digit  has  two 
phalanges  and  no  claw,  whence 
the  generic  name  Tno/ij/x,  proposed 
for  these  frequenters  of  the  muddy 
estuary. 

In  the  Crocodilia  the  scapular  arc  h 
consists  of  a  simple  scapula,  fig.  57, 
and  coracoid,  ib.  fts,  and  fig.  64, 
<:  these  compressed,  narrow,  mode- 
lately  long  plates  of  bone,  are 
thickest  where  they  are  united  to- 
gether to  form  the  glenoid  cavity 
for  the  1  Rimerus.  In  each,  the  bone 
c^ntracUi  beyond  the  articular  ex- 
pansion, becomes  sub-cylindrical, 
l>ut  soon  again  flattens  and  expands 
to  its  opposite  end ;  that  of  the  sea* 
pula  is  free,  that  of  the  coracoid 
joins  the  lateral  border  of  the  ster- 
nniiL  There  is  no  trace  of  clayicle, 
no  acromial  projection  horn,  the  sca- 
pula. 

The  hnmems,  fig.  51, 53,  presents  two  cnrres :  the  articular  head 
u  a  transYersely  elongated,  sub-oval  convexity ;  it  is  continued 
'ipon  the  short,  obtuse,  angular  prominence,  answering  to  the  inner 
Of  ulnar  tuberosity.  The  radial  crest  begins  to  project  from  the 
shaft  at  some  distance  irom  the  head  of  the  bone.  There  is  a 
longitudinal  ridge  on  the  anconal  surface  close  to  the  radial  border. 
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The  distal  end  is  transrerBely  extended  and  divided  anteriorly 

into  two  condyles.  Tlic  ^hiift  has  a  medullary 
cavity  .^niallcr  than  in  land  lizards.  The  radius, 
fi«^.  57,  /,  fi<^.  109,  h,  54,  has  an  oval  head,  an 
almost  rvHndrioal  and  straijxht  shaft,  with  an 
oblong  and  subcompressed  distal  end.  The  ulna, 
iig.  57»  s,  fig.  109,  a,  55,  articulates  with  the 
outer  condyle  of  the  humerus  by  an  oval  facet, 
the  thick  convex  border  of  which  swells  out  be- 
hind like  the  begpnning  of  an  *  olecranon ; '  the 
shaf^t  of  the  ulna  is  oompreased  tranaversely  and 
curves  slightly  outward ;  the  distal  end  is  less 
than  the  proximal  one»  and  articnlates  with  the 
second  and  third  bones  of  the  carpus.  The  first 
metacarpal  supports  two  i)halan<j;c's,  i,  the  second  three,  ii,  the 
third  and  fourtli,  each  lour,  the  fifth,  v,  three  j)halanges  which 
109  arc  very  slender ;  but  the  proportions  arc  shown 

in  the  cut ;  only  the  toes,  I,  ii,  and  ill,  have  the 
claw.  All  are  basally  united  by  a  short  web, 
but  the  fore-foot  is  diiefly  used  in  movements 
upon  land. 

In  the  Monitor  (  Vcaranus  nilot'u  us)  the  supra* 
scapula  is  a  broad  semioesified  plate:  the 
scapula  is  short  and  broad,  and  appears  to 
have  coalesced  with  the  coracmd.  This  bone 
is  much  expanded,  and  has  two  deqp  notches 
anteriorly,  and  a  perforation  near  the  humeral 
articulation.  In  some  Lizards  it  sends  for- 
ward an  acromial  process.  The  coracoid  is 
shorter  and  bronder  than  in  the  Crocodile, 
abuts  a<r;unst  the  upper  margin  of  the  rhoni- 
boidal  sternum,  and  sends  off  two  jirocesses 
from  its  anterior  border,  the  one  next  the  sca- 
pula abutting  against  the  transverse  branch  of 
the  e])i sternum;  the  other  against  the  sub- 
ossified  epicoracoid :  this  element  overlaps  that 
of  the  opposite  side.  In  the  Monitor^  as  in 
most  Lizards,  there  are  distinct  clavicles :  usu- 
ally long  and  slender  bones,  with  more  or  less 
expanded  extremities,  extending  from  the  body 
of  the  episternum  and  accompanying  the  trans- 
verse Ijranch  to  abut  ;ii:ainst  the  scapula;  and  sometimes  also 
reaching  the  outer  proccjis  of  the  coracoid.    In  Lacerta,  Cuv. 
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and  Seincus,  the  elavicle  expands  at  ita  medial  balf,  which  haa  a 

lar^re  vacuity  or  perfV)ration  occupied  by  membrane.     In  the 
Cliameleoa  the  scapular  arch  is 
a5  simple  as  in  the  Crorodile,  110 
but  the  coracoid  is  shorter  and 
broader. 

The  humerne  in  Lacertians  is 
usually  larger  and  straighter,  fig. 
50,  Draco  volanSj  than  in  the 
Crocodiles^  with  a  more  compact 
waU  and  wider  medullary  cavity. 
The  radiiis,  ib.  and  fig.  110, 
54,  is  almost  straight,  and  slender, 
with  an  o\  al  proximal  articular 
concavity,  and  a  distal  surface 
partly  convex,  partly  concave. 
The  ulna.  fijj.  110,       55,  shows 
the  olecranon  better  developed 
than  iu  the  Crocodile:  its  dis- 
tal articular  surface  is  codtcx. 
The  digits  are  five  in  number^  i 
the  pludanges  are  2, 3|  4, 5  and  3, 
ooonting  from  the  metacarpal  of 
the  first  to  that  of  the  fifth  di^t : 
each  has  a  claw  supported  on     BQiidio(faie<MnntiidftMi,oiMiii«ieao.  obt. 
a  moderately  long,  compressed, 

curved,  and  pointed  phalanx.  The  Chameleon  offers  an  exception 
to  the  numerical  rule,  the  phalanges  being  2,  3,  4,  4,  3 ;  and  the 
direction  of  the  di^itb  modified  for  the  scansorial  function  in  these 
aiUncal  Lacertians:  I,  IT,  and  III,  enveloped  by  the  skin  as  far 
fli*  tlie  claws,  are  directed  lurvvard;  iv,  and  v,  similarly  sheathed, 
are  directed  backward :  and  the  joints  are  shorter  and  broader  than 
in  Land-lizards. 

The  fore  limbs  in  Draco  volant  accord  with  the  usual  lacertian 
type,  and  take  no  share  in  the  support  of  the  parachute.  But 
in  the  extinct  order  of  truly  volant  Reptiles  (Fierosauria)  they 
were  modified  for  the  exclusive  support  and  service  of  the  wings. 
The  scapula,  fig.  Ill,  5i,  long,  narrow,  flattened,  and  slightly 
expanded,  lay  more  parallel  with  the  spine  than  in  land  and  sea 
^ptiles.  The  coracoid,  strong  and  straight,  and  combining,  as 
usual,  with  the  scapula  to  form  the  glenoid  cavity,  articulated  at 
the  f)js|i(^^ite  end  with  a  groove  at  the  fore-part  of  a  discoid 
steruum,  which  part  is  produced  and  keeled.    The  humerus,  ib. 
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53,  is  more  expanded  at  its  proximal  end  than  iji  the  Crocodile  or 
Lizard ;  the  inner  (ulnar)  tuberosity  i.s  more  prominent,  the  radial 
crest  much  more  developed:  with  a  base  coextensive  witli  one 
fifth  of  the  shaft  of  the  bone,  it  extends  in  a  orroater  proportion 
from  the  shaft,  affording  a  powerful  lever  to  the  muscles  inserted 
into  it.  The  articular  head  is  reniform.   The  shaft  is  cylindrical : 


111 


Bkelelon  of  PtmdactifUu  era— iroatriM.  A.  HMtuntlon  of  Ftcrotectyte.  clxxx. 


tlio  walls  thin  and  compact,  the  cavity  large,  and  was  filled  with 
air  as  in  birds  of  flight.^ 

The  '  pneumatic  foramen,'  or  that  by  which  the  air  passed  from 
a  contiguous  air-cell  into  the  bone,  is  situated  on  the  fore  (palmar) 
side,  a  little  below  the  radial  end  of  the  head  of  the  bone*  The 
radius,  ib.  54,  and  ulna,  ib.  59,  are  very  long,  straight,  and  closely 
connected  together*   The  digits  show  the  lacertian  number  of 

^  cxLix.  p.  16.     iLxvi.  p.  451.     This  di8<K)rery  breaks  down  the  following 

distinction :  *  Au  restc,  on  distingue  toujours  rhuraeius  d'un  lezurd  de  celui  d'un 
oi&cau,  parcequc  le  premier  n  est  pas  crvuz  ni  percc  dc  trous  pour  I'eiitrec  dc  i'lur 
dans  son  interieur.*  otx  t.  pu  2,  p.  396. 
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phalanges  from  the  first  to  the  fourth,  and  slightly  increase  in 
length:  each  terminated  by  a  deep  compressed,  curved  and 
pointed  ungual  phalanx.  The  modification  converting  the  limb 
into  a  wing  is  confined  to  and  concentrated  upon  the  fifth  digit,  ib. 
5:  Hb  metacarpal  presents  almost  the  thickness  of  an  anttbxachiai 
bone:  the  proximal  phalanx,  of  equal  thickness,  has  more  than 
twice  the  length,  and  at  the  proximal  joint  shows  a  process  like 
an  olecranon.  This  is  usniilly  followed,  as  in  PUrodactylm 
erauirostris,  by  three  similarly  elongated  phalanges,  of  which  the 
last  gradually  tapers  to  a  point.  The  fore  limb  thus  exceeds  in 
length  the  whole  buily,  and  is  presumed  to  have  supported  a 
membranous  wino-,  as  in  the  sketch  A,  fig.  111. 

Such  are  the  cliief  modifii  at  ions  by  which  the  fore-limb,  in  the 
Reptilian  series  of  cold-blooded  air-breathers  is  or  has  been 
adapted  for  aquatic,  amphibious,  terrestrial,  arboreal,  and  aenal 
life.  Before,  however,  quitting  this  subject,  it  may  fiusilitate  the 
oomprehension  of  the  homologies  of  the  carpal  series  of  ossicles, 
by  concluding  with  a  separate  and  serial  reyiew  of  them  in  the 
Bq)tilian  group. 

In  the  Toad  {Bufo)  the  carpus  includes  eight  bones :  the  two 
prmdpal  are  Ae  *  lunare,'  fig.  44,  c,  /,  and  *  cunciforme,*  ib.  c, 

respectively  articulating  with  the  radial  and  ulnar  divisions  of  the 
antibracliial  bone,  ib.  64,  55  ;  the  scaphoid,  c,  s,  presents  its  *  inter- 
medial'position  between  tlie  luiKire  and  the  four  ossicles  on  the 
radial  side  nf  the  distal  series  :  these  consist  of  the  trapezium 
triipezoides  tr,  magnum  m,  and  tlie  divisions  of  the  uncilbrm  u  for 
the  fourth  and  fifth  digits;  that  for  the  fifth  being  the  largest 
of  the  five  bones.  The  thumb,  i,  is  represented  by  its  metacavpal 
only;  the  index,  fig.  44,  A,  ii,  and  medius,  iii,  have  each  a 
metacarpal  with  two  phalanges  $  the  digita  iv  and  v  have  each 
three  phalanges. 

In  die  Tortoise  {Tesiudo,  fig.  108),  the  antibraofaium  articulates 
with  three  carpab  forming  the  proximal  row ;  the  first  or  radial 
bone,  ib.  a,  answers  to  the  '  scaphoid '  with  the  '  intermedium  '  e ; 
ihe  second  ib.  c,  to  the  lunare  ;  the  third,  ib.  rf,  to  the  cunei- 
forme;  the  lunare  being  interposed  between  the  ends  of  the  radius 
and  ulna.  In  the  Evujs,  fig.  51,  S,  the  carpus  has  a  similar  struc- 
ture; but  in  some  species  there  is  a  distinct  pisiforme.  in  th^ 
Turtle  ( Chelone)^  the  scaphoid  is  reduced  in  size,  and  represents 
only  the  intermedium,  fig.  107,  e ;  it  is  separated  by  the  lunare 
c,  from  the  radius  a,  and  is  pushed  into  a  position  analogous  to 
that  which  its  homotype  the  *  naTiculare'  holds  in  the  TnftTm"^^^«^« 
fusos.    Without  tiie  light  from  the  testudinate  modification, 
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fig.  108,  the  bone  r,  f\*r.  107,  might  be  taken  for  a  connate 

*  scapholunar.'  In  U>th  tortoise,  terrapene,  aiui  turtle,  ilie  distal 
row  of  carpals  conpistp,  as  in  the  i  oa<l,  of  five  bones,  one  to  ciach 
of  the  fi^  e  metacai'pals.  About  their  homology  tiiere  is  no  diffi- 
culty ;  the  bone,  fig.  107,  i,  which  supports  the  pollox,  i,  is  the 
trapezimn ;  the  next  2,  the  trapezoides ;  the  tliird  3,  the  magnum; 
and  the  fourth  and  fifth  are  the  two  parts  showing  the  type-state 
of  the  oonnate  bones,  called  *  imciform '  in  mammals.  A  bone 
analogous  to  a  '  pisiform,  fig.  107,  is  attached  to  the  ulnar 
division,  5,  of  the  unciform,  and,  usually,  also  articulates  with  the 
cuneiform  in  the  Turtle.  In  Chehfs  and  Trionyx,  the  bone 
answering  to  a,  e,  fig.  108,  is  divided ;  the  part,  answering  to 
the  *  intermedium  ; '  Tiionyx  has  also  a  *  pisiform.'  The  carpus 
in  most  Lacertians,  e.  g.  in  Varnnna  iiilotirus^^  has  the  scaphoid 
reduced,  a^  in  Chilonc,  to  the  intermedial  portion  ;  but  the  trai)€- 
ziuni  unites  directly  with  the  lunare.  and  this  articuhitcs  exclu- 
sively with  the  radius,  simulating  the  scaphoid  iu  |>obition ;  it 
has,  however,  on  it**  ulnar  side,  the  *  cuneiform  '  articulating  with 
the  ulna,  and  a  *  pisiform '  terminates  the  proximal  row.  The 
distal  row  consists  of  five  distinct  bones;  the  unciform  being 
divided,  as  in  Chelonians.  In  the  Chameleon,  fig.  110,  the 
proximal  carpal  series  consists  of  the  hemes  c  and  answering  to 
the  two  respectively  articulating  with  the  radius  and  ulna  in 
Varanut^  and  with  those  marked  c  and  d  in  figs.  107  and  108. 
The  second  carpal  row  has  received  two  interpretations.  In  one 
they  are  represented  by  the  five  subclongate  bones  having  the 
distal  joints  of  metacarpals  ;  in  the  other  they  have  coalesced  iuu» 
the  single  hone  c,  which  otlierwiw  would  be  merely  au  cidarged 

*  intermiMliuni.'    We  siiall  afterwards  see  liow  the  principle  <d' 

*  serial  lunnulogy  *  helps  in  the  solution  of  buch  problems.  The 
five  bones  radiating  from  the  bone  c  are  metacarpals;  the  first 
supports  two,  the  second  three,  the  third  four  phahmges,  as  in  other 
Lacertians ;  and  the  equality  of  length  in  ^e  opposing  pair  of 
digits,  ly  and  v,  is  preserved  by  the  deduction  of  a  phalanx  from 
the  lacertian  nnmber. 

The  correspondence  of  the  Chamdeon's  sca^tular  arch  with  that 
of  the  Crocodile  has  been  adverted  to ;  and,  similarly,  the  distal 
row  of  car  pals  is  reduced  to  a  single  bone,  fig.  109,  f,  in  the 
Crocodile,  supporting  the  mcdius,  iii,  nnmilaris,  iv,  and  ininimus, 
V,  digits;  and  answering  t^  the  magmuu  and  uncllornie  connaU'. 
The  proximal  row  includes  three  bones  answering  to  the  hmare, 
c,  and  cimeilurme,     in  Owloue,  iig.  107,  and  Cliameleo,  iig.  IIO ; 

*  OLL  pi.  XVII,  flg.  45. 
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to  which  is  added  a  plsifurmc,  fig.  109,  in  the  usual  position. 
The  peculiarity  of  the  hones  r  and  d  in  Crorodiliu,  is  their  unusual 
length,  showino;  a  constricted  shaft  hetwecn  the  expanded  ends, 
thus  simulating  metacar])als  in  shape,  for  which^  when  ibund  as 
detached  fossils,  they  have  been  mistaken. 

The  digits  in  the  class  ReptUia  are  generally  characterised  by 
aprogreflaive  increase  in  the  number  of  their  joints,  from  the  first 
or  inaennost  to  the  third  or  fourth ;  the  Clielonia  being  the  chief 
exoeptioDS.  In  Testud^^  fig.  lOS,  each  digit  has  one  metacarpal 
and  two  phalanges ;  in  Tett.  tabulata  the  fifUi  digit  has  but  one 
phalanx.' 

{41.  Belvie  areh  and  Umb  ofFUkes. — Some  ooldrblooded  verte- 
ImteSy  e.  ^.  Munenoids  and  Ophidians,  have  neither  fore  nor  hind 

limbs.  In  a  few,  c.  o;.  Arif/uillidcB,  Gymnnti^ 
Xiphiasy  Sircfij  the  scapular  arch  and  llnilKS 
are  present,  but  not  the  pelvic  arch  and  limbs. 
In  most  fishes  the  latter  exist,  but  less  deve- 
loped than  the  pectoral  ones,  and  less  fixed  in 
position. 

Only  the  hsemapophysial  portion  of  the 
pelvic  arch  is  developed  in  connection  with 
the  divergiiig  appendages,  termed  in  Fishes  the 
'  ventral  fins.*  Thar  rays  in  osseous  fishes, 
fig.  1 12, 68,  are  directly  supported  by  the  bones, 
which,  uniting  together,  near  die  point  of 
attachment  of  the  fins  without  an  intervening 
bone,  resemble  their  homotvpes,  the  coracoids; 
by  virtue  of  which  '  st  i  lal  homology,'  we  infer 
their  special  one  with  the  ischia  of  hiirher 
animals.  luicli  bone  is  a  subtriangular  plate,  sup])orting  the 
fin  by  its  cx]>anded  end ;  and,  either  suspended  in  the  flesh, 
as  in  the  Salmon  and  Sturgeon,  fig.  29,  v,  or  attached  by  the 
narrower  end  to  the  coracoid,  52,  as  in  the  Cod,  fig.  36,  63.  The 
representatives  of  tarsal,  tibial,  and  femoral  bones,  are  wanting  in 
ail  Fishes.  In  Acanthopterans  one  or  more  of  the  anterior  rays 
of  the  ventral  fin  may  be  hard  unjointed  spines,  as  in  the  other 
fins;  in  Mslacopterans  all  the  ventral  rays  are  soft,  multiarti* 
culate,  and  bifurcate. 

In  no  fish  is  .this  incomplete  pelvic  ardi  directly  attached  to  the 
vertebral  column.  If  we  may  judge  from  the  position  in  which 
the  ventral  fin  appears  in  the  devclopement  of  the  embryo  fish,  as 

'  XLiv.  p.  205.  No.  1079  :  nco  nlso  pp.  206.  207,  Nos.  1079,  1083,  1087,  1091, 
1093,  for  further  detailB  of  the  bonjr  structure  of  the  fore  foot  ia  Cheionia, 

h  2 
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a  little  bud  attached  to  the  skin  of  the  belly,  and  from  the  fact 
that  all  the  fishes  in  the  geological  fonnations  anterior  to  the 
chalk  are  abdominal,  that  is,  have  the  ventral  fins  near  the  pos- 
terior end  of  the  abdomen^  as  in  the  Sturgeon,  fig.  29,  Y,  we  may 
conclude  that  the  supporting  bones  are,  essentiidly,  ^e  hiemapo- 
phyaes  of  the  last  rib-bearing  (or  pelvic)  abdominal  vertebra. 
Being  suspended  more  or  less  freely  from  the  under  or  ventral  part 
of  the  body,  these  fins  are  subject  to  great  diversity  of  position  in 
relation  to  the  two  extremes  of  the  abdomen.  On  these  dilierences 
I^innipiis  based  his  primary  classification  of  Fishes;  he  united 
tugetlier,  for  example,  those  fishes  which  have  the  pelvic  or 
ventral  fins  near  the  anus,  fig.  29.  to  form  tiie  nrder  called  *  Pisces 
Abdominales  ;^  those  with  the  ventral  fins  beneath  the  pectorals, 
fig.  38,  into  an  order  called  '  Pisces  Thoracic} ; '  and  those  with 
the  ventrals  in  advance  of  the  pectorals,  fig.  34,  v,  into  an  order 
called  ^Pisces  Juffulares:'  lastly,  those  fishes  in  which  the  ventral 
Bus  were  absent  formed  the  order  called '  Pisces  Apodes,^  indicating 
his  recognition  of  the  homology  of  such  fins  with  the  hinder  or 
lower  limbs  of  higher  animals. 

In  the  Sahnmida  {8,  ErioXf  fig.  112,  c)  the  ischia,  63,  are 
united  by  a  cartilaginous  svmphysis  at  the  medial  line,  and 
underlie  the  last  six  abdonnnal  vertebrae.  Each  supports  a 
ventral  fin  of  nine  rays,  68.  In  the  Angler  (Lophius  liUcatonus) 
the  ischium  is  attached  by  one  end  to  the  coracoid,  and  exj>ands 
at  the  opposite  end  to  join  its  fellow,  and  Pupi)ort  the  six  rays  of 
the  ventral.  It  also  sends  up  a  vertical  process,  simulating  an 
ilium.  The  'thoracic'  character  depends  on  the  greater  length  of 
the  ischia,  as  compared  with  that  in  the  'jugular'  fishes.  In  the 
Lepidosir^,  fig.  41,  as  in  the  Sturgeon,  fig.  29,  and  other 
'  ventral  fishes,*  the  ischia,  64,  are  suspended  beneath  their  proper 
vertebra.  They  support  in  Lepidosiren  a  single-jointed  ray,  66. 
In  Lepidoptts,  in  tlie  Blennies,  the  Forked  Hake  {Phyeis\  the 
Forked  Beard  (Raniceps\  and  some  other  fishes,  the  ventral  fins 
are  likewise  mere  filamentary  feelers.  In  the  T^ump-suckers 
{Cyclopterus)y  the  ventrals  unite  tocretlier,  and  combine  with  j^art 
of  the  pectorals  to  form  a  •l^ll1M  disc  or  organ  of  adhesion, 
below  the  head,  just  as  the  opercular  and  branchiostcjxal  fins  are 
united  together  to  form  the  gill-cover.  The  ventral  fin  is  better 
developed  in  the  Plagiostomes  than  in  other  fishes.  The  support- 
ing arch  consists  indeed  of  the  same  simple  elements,  haemapo- 
physial,  cartilaginous,  confiuent  at  the  middle  line,  and  loosely 
suspended  in  the  abdominal  walls ;  but  they  do  not  immediately 
support  the  fin-rays.  Two  intermediate  cartilages  are  articulated 
to  Uie  expanded  outer  ends  of  the  inverted  arch ;  the  anterior  is 
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theshoiieht  in  the  Dog-fi-^li,  and  suppniih  three  or  four  rays;  the 
posterior  one  is  much  longer,  and  supports  the  remainder  of  the 
raysy  fiiBteen  or  sixteen  in  number.  To  the  end  of  this  cartilage 
likewise  is  attached,  in  the  nude  Plagioetomes,  the  peculiar  ac- 
cessor)- generative  organ  or  dasper.  In  the  Torpedo  the  arch 
sends  forward  two  processes*  and  these  are  of  greater  length  in 
the  extinct  Cyelobaie»  oUgodactylusy  XL.  p.  225*  pi.  5.  La  the 
Chimeroids  the  short  narrow  processes  which  extend  above 
the  place  of  articniation  of  tiie  ventral  fins  simulate  iliac  bones : 
the  expanded  portions  which  meet  below  represent  the  ischis; 
they  are  each  of  them  perforated  by  a  hirge  round  a{)erture,  filled 
by  ineiiihrane.  The  cartilap^e,  answering  to  the  tibia*  supporta 
the  rays  of  the  ventral  fin  and  the  clasper. 

§42.  Pt'lvic  arch  and  liiiih  of  Rrj)tUes. — Passing  from  the 
Protopterus,  fig.  101,  c,  to  the  ProteuSy  ib.  D,  we  find  the 
pair  of  cartilages  answering  to  the  piscine  ^ischia'  aided  by 
a  second  pair,  62,  called  *  ilia*'  in  supporting  the  diverging 
i^pendage;  and  this  pair  is  attached  to  the  riblets  of  the  last 
abdonunal  or  '  sacral '  vertebra.  The  appendage  or  *  limb '  now 
connsts  of  definable  segments*  which  are  specialised  through  sub* 
sequent  developements :  the  first,  as  the  *  femur  the  second  —  a 
psir  of  diorter  and  smaller  jinnts  —  respectively  as  'tibia'  and 
'fibula;*  these  being  followe<l,  with  the  intervention  of  a  cartila- 
ginous '  tarsal'  mass,  by  a  jnur  uf"  many -jointed  rays  or  *  digits.* 

A  closer  correspondence,  howev(  r,  w  ith  the  pidciue  type  was* 
in  some  respects,  retain (  d  by  the  extinct  Ichthifosajtri,  fig.  105. 

Although  the  iliac  element,  62,  was  joined  with  the  ischial,  63, 
in  supporting  the  fin,  such  sustaining  arch  remained  freely  sus- 
pended, as  in  the  *  ventral  fishes '  of  Linnaeus.  A  second  hasma- 
pophysial  arch,  64,  was  likewise  present,  in  advance  of  the  ischial 
one*  answering  to  the  *  pabis ; '  this  afforded  the  extent  of  origin 
required  by  the  muscles  of  the  better  developed  fin.  The  next  step 
in  progress  is  exemplified  by  tiie  single  long  and  inferiorly  fiattened 
utd  expanded  bone,  65,  answering  to  the  *  femur,'  and  through 
which,  as  on  a  pedicle,  the  fin  could  be  more  freely  rotated,  and 
moved  to  and  fro.  To  the  end  of  the  femur  Avcre  ligamentously 
articulated  the  two  short  flattened  bones  representing  the  tibia 
fibula ;  followed  by  the  series  of  multiarticulate  digits,  joined 
together  to  form  tlie  common  basis  of  the  fin*  which*  like  the 
pectoral  one,  tapered  to  a  point.* 

With  the  increased  length,  and  progressive  diflferentiation  of  the 
several  s^pnents  of  the  fin*  as  in  Piesio$auruSf  fig.  45*  the  pubic 

^  No  twiit,  real  or  imaginafy,  of  hamems  or  fenmr  obacufet  or  ii  nwded  to 
*>pltiii  the  hoDOtypet  in  the  peetoral  aod  pelvic  membm.  clz. 
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basis,  64,  for  muscular  attachments,  became  co-expanded  ;  the 
ischia  also,  63,  assiuued  the  form  of  flattened  triancrular  plates; 
and  the  ilia,  tli(>u<j:h  still  *lung  bones,'  were  .slruuuer,  and  attached 
by  li*^ament  to  tlie  riblets  of  one  or  two  ^  ertebr^ie^  and  these,  in 
NothosauruSf  became  expanded  for  more  eflective  fixation  of  the 
pelvic  arch.  A  *  tarsus,'  68,  and  ^  metatarsus^'  are  now  definable ; 
and  the  '  digits,*  with  fewer  joints,  do  not  exceed  five  in  number. 
All  the  bones  are  solid  in  both  lehthyor'  and  SoMro-pteiyffia, 

From  the  Sauropterygian  type  of  pelvio  aich  and  Hmb,  ihe 
transition  is  easiest  to  that  in  the  marine  Chehmia  of  the  presoit 
day.  But  the  course  of  deydopement  from  the  Proteus  will  be 
here  resumed  and  traced  to  the  saltatory  grade  which  the  hind- 
limb  ac([uires  in  the  liatrachian  order. 

Amphiuma  tridactylum,  with  propui  Lioually  shorter  hind-limbs 
than  in  Proteus  (fi<x.  101,  t>),  has  tliem  terminated  by  three  toes. 
Menohranclius  sliows  foiu*  toes  :  and  Menojmma  five,  which  is  the 
number  usual  in  the  hind-limbs  of  Newts  and  jSalamanders.  In 
Menopama,  fig.  43,  the  sacral  vertebra,  s,  has  a  longer  and 
stronger  transyerse  process,  t,  and  riblet,  pi,  than  the  yertebne 
before  and  behind ;  and  pi  is  united  to  the  cartilaginous  elements, 
68  and  64,  closing  the  inverted  arch  by  the  rib-like  continuation,  sa. 
To  the  lower  end  of  Ihis  ample  *  ilium*  and  conjoined  part  of  the 
'  ischio-[)ubic  *  cartilage  is  ligamentouslj  attached  the  short  and 
simple  femur.  To  this  succeeds  a  shorter  tibia  and  fibula — the 
latter  reminding  us  of  the  plesiosaurian  fibula,  by  its  outward 
curve.  The  tarsus  is  cartilaginous  in  Mt mtj'omn',  the  mctatursals 
supjx>rt  1,  2,  3,  3,  2  phalanges,  respectively,  iroin  the  innennost,  i, 
to  the  fitlli,  V,  The  toes  are  webbed  to  near  the  last  joint.  Every 
joint  in  the  limb  is  syndesmotic,  and  the  ossification  oi  tlie  bones  is 
limited  to  an  outer  crust,  covering  persistent  solid  cartilage.  In 
the  decomposing  body  this  dissolves  away;  and  if  the  ossified 
parts  become  petrified,  the  fossil  bone  appears  to  have  had  a  large 
medullary  cavity. 
In  the  Land-salamander  the  brood  isdiio-pubic  plate,  fig.  113, 

becomes  ossified  at  ^,  but  remains  cartila- 
ginous at  the  angles  c,  and  the  symphysis ; 
whence  it  extends  forward,  and  bifurcates, 
as  at  (ly  representing  the  last  pair  of  abdo- 
minal rl])s  in  higher  reptiles.  There  is  a 
va«cular  perforation  in  each  ])ubic  part  of 
the  plate.  The  ilium,  a,  retains  its  simple 
nb-like  character. 
The  Tadpole,  fig,  42,  afibrds  a  significant  example  of  the  trans- 
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mutation  of  a  natatory  to  a  saltatory  type  of  hiiid-liml),  irre- 
s[>o€tive  of  efforts  and  exercises  throu«^h  successive  generations 
pnxlucinj;  and  accuniulatinj^  small  cbau<j:es,  and  independently  of 
any  selection  by  nature  of  such  generations  as  were  enabled, 
thiongli  the  accidental  rariety  of  a  slightly  lengthened  hind-limb» 
to  oonqver  in  the  battle  of  life,  and  to  transmit  the  tendency 
towards  euch  disproportion  to  their  posterity. 

If  the  law  by  which  wo  much  of  the  change  of  stmcture  adapted 
to  terrestrial  Ufe  takes  place  in  the  actiye  independent  aquatic 
nmnal  be  a  mystery,  and  seeming  exception,  it  does  not  the  less 
impress  the  beHerar  in  the  denTatiYe  origin  of  species  with  the  idea 
of  nnseen  and  undiscovered  powers,  that  may  operate  in  produc- 
ing snch  result,  *  according  to  a  natural  Law  or  Secondary  Cause.'* 

The  hind-limb  of  the  Frog  (Rana)  closely  accords  at  first  with 
that  of  the  Menoponio ;  a  rib-like  continuation,  fig.  42,  g2,  of  the 
pleurapophysis,  of  the  last  abdominal  vertebra,  gives  attachment 
to  a  short  feoDiur,  65;  ossification  of  the  shorter  tibia,  56,  and  hbida,  a7, 
speedily  unites  them  proximally ;  five  subequal  digits  bud  out  of 
primitive  fin-like  projecti<Hi  from  the  integument;  and  a  simple 
^^rtilaginooe  tarsus^  es,  at  first  intervenes  between  the  toes  and 
the  leg.  The  due  length  and  power  of  the  hind4inib  is  produced 
hy  elongation  of  all  its  elements,  including  the  iliac  parts  of  the 
sustaining  arch.  In  the  Toad  (Bufo)  the  sacral  process,  or  anchy- 
losed  riblets,  transmitting  thereby  the  weight 
of  the  trunk  upon  the  legs,  are  depressed  and 
expanded  at  their  extremities  ;  in  J*ij)a, 
fig.  44,  n,  remarkably  so,  and  resting  upon 
the  anterior  halves  of  the  ilia.  In  the  Toad 
the  femur  is  shorter  than  the  ilium,  and  the 
tibia  is  Bborter  than  the  femur.  In  the  Frog, 
fig.  44,  contrary  proportions  prevail.  The  im- 
polfle  of  the  hind-limbs  is  applied,  in  all  tail- 
less Batradiia,  to  the  hindmost  part  of  the 
body,  beyond  the  lengthened  coccygeal  style, 
fig.  114,  A,  by  the  remarkable  backward 
production  of  the  ilia,  ib.  a,  62,  which  expand 
sod  unite,  forming  a  symphysis,  above  the 
acetabnla ;  thence  they  transmit  the  impulse 
of  the  limbs  to  the  short  and  strong  trans- 
verse jirocesses  of  the  sacrum,  a.  A  ]mir 
of  commonly  anchylosed  semicircular  bony 
plates,  *  ischia,'  r,.T,  unite  with  the  iliac  sym- 
physis to  form  the  lower  half  of  the  joints  for  the  femora,  ss. 

■  czu.  p.  86. 
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The  femur  in  the  Frog,  fig.  44,  65,  is  a  long  slender  bone,  with 
a  slijrht  double  bend;  the  head  is  expanded,  convex,  and  ter- 
ininal  ;  tlie  Ijack  part  of  the  upper  fourth  of  the  shaft  shows  a 
longitudinal  ridge ;  the  distal  end  is  expanded  and  truncate. 
Both  ends  of  the  femur  are  usually  in  the  state  of  epiphyses. 
The  tibia  and  fibula  are  confluent  longitudinally,  but  preserve 
their  respective  medulhuy  canals,  and  indicate  their  transcend- 
ental distinction  hj  an  anterior  and  posterior  longitu^nal  furrow 
at  the  expanded  ends  of  the  seeming  single  bone;  usuallj,  also, 
hy  a  perforation  from  before  backward.  A  sbgle  epiphysis  con- 
stitutes each  articular  end.  The  astragalus  a,  and  calcaneum  cl, 
are  much  elongated.  The  former  is  slightly  bent.  They  com- 
monly coalesce  at  tlieir  proximal  and  distal  extremities;  at  the 
former,  by  means  of  an  epiphyeiis ;  at  the  latter,  with  the  connate 
representatives  of  the  naviculare,  s,  and  cuboides,  b.  Two  cunei- 
form bones  remain  distinct  and  support  the  three  inner  toes,  i,  ii. 
Hi:  a  third  expanded  bone  projects,  like  a  supplemental  digit,  ci, 
£rom  the  inner  (tibial)  side  of  the  tarsus  ;  it  may  represent  the 
'  entocuneiform.'  One  {Band)  or  two  {Pipa)  sesamoid  bones  are 
developed  in  the  extensor  tei»dons  beUnd  the  tibio-tarsal  joint: 
their  function  is  that  of  the  lever  part  of  the  calcaneum.'  The 
first  metatarsal  supports  two  phalanges,  i ;  the  second,  two ;  the 
third,  three ;  the  fourth,  four ;  and  the  fifth,  three. 

In  Bnfo  (igua  I  found  a  semiossified  tubercle  upon  the  proximal 
end  of  each  ilium.  In  Pipa,  the  cunllnent  calcaneum  and  cuboid 
form  a  long  three-sided  bone  with  the  angles  sharp:  the  long 
astragalus  presents  a  similar  form. 

To  the  student  of  Comparative  Anatomy  entering  upon  the 
vast  domain  of  that  science  with  ideas  of  the  bones  derived  from 
those  of  the  hmnan  skeleton,  and  associating  the  special  shapes 
and  proportions  they  there  present  with  the  names  that  have  been 
learnt  from  Anthropotomy,  few  parts  are  more  perplexing  or  de- 
ceptive  than  the  pelvis  in  tiie  Chelonian  reptiles.  Viewing,  for 
example,  that  of  the  TViimyr,  as  it  is  represented  in  fig.  1 16,  he 
would  conclude  A  to  be  the  iliac  bones,  and  t  the  pubic  bones, 
separated  at  the  symphysis  ;  or  as  answering  to  the  parts  so  called 
in  the  single  *  os  iiuiuniiiiaiuni '  of  man.  The  rectification  of  the 
error  affords  a  valuable  lesion  of  the  unimportance  of  size  and 
shape  in  determining  special  homolofjy,  and  of  the  necessity  of 
knowing:  the  fri'tal  as  well  as  the  adult  conditii)]i.<  of  the  human 
pelvis.  He  would  learn,  first,  tliat  the  tlirccfold  nature  ot  the 
'  innominate  *  bone,  which  is  transitory  in  man,  is  permanent 
in  the  reptile ;  nexty  that  the  bone  which  is  largest  and 
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broadest  in  the  human  foetal  pelvis  is  the  least  and  slenderest 
in  that  of  the  Turtle.  To  comprehend  the  nature  of  the  Chelo- 
uian  pelvis,  the  connections  and  relative  positions  of  its  bones 
must  be  studied  in  the  entire  skeleton. 

The  two  bones  that  articulate  with  the  transverse  processes 
of  vertebra  and,  extending  'ha^mad'  (downward  or  forward), 
eombine  at  the  opposite  end  with  the  other  bones  forming  the 
aoetabnlum,  are  llioBe  alone  which  show  the  essential  cfaaracterB 
of  the  ilia  in  air-breathing  Tertebrates.  In  the  figure  of  the 
pelvis  of  the  Turtle  viewed  from  below  or  firom  the  hasmal  aspect, 
fig.  115,  that  surfiuse  of  the  sacrum  is  figured  to  illustrate  the 


115 


FdTl«o(OM0M(ClPombtlofw).  dx 


above  character  of  connection.  Two  stunted  pleurapophyses 
converge  from  the  two  centrums,  and  aflbrd  a  close  ligamentous 
attachment  to  the  proximal  or  upper  ends  of  the  ilia,  a,  a.  These 
hemes  are  also  attached  to  the  contiguous  costal  plates  of  the  cara- 
pace, which  they  support  as  stout  strong  pillars.  They  slightly 
expand  at  thdr  acetabular  ends,  where  eaidi  unites  with  two  other 
bones.  The  bone  c  descends  and  meeto  its  fellow  at  the  mid 
line,  as  does  likewise  the  bone  hi  c  e  being  posterior  in  position 
answer  to  the  ischia  of  the  human  foetus  \  h  h  Xo  the  pubics. 
These  are  remarkably  expanded,  and,  besides  forming  an  exten- 
sive symphysis  between  each  developes  a  broad  angular 
process  or  tuberosity  which  is  Hgamentously  attached  to  the 
plastron,  forming  the  foundation  for  the  support  of  the  pillar,  a, 
that  underprops  the  carapace. 
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A  slight  modification  is  presented  hy  Trioiii/.v,  in  which  a  view 
of  the  pelvis  is  given  ihnu  tlie  dorsal  aj*i>ect,  the  sacrum  beins^ 
removed,  in  fig.  116  :  here  /  sliows  the  end  of  the  ilium,  62,  which 
was  attached  to  that  part  of  the  vertebral  column :  a  is  the  ex- 
pttoded  acetabular  end  of  these  short,  straight,  columnar  bones. 


116 


Pptvfs  of  Trloiiyx,  (frum  above,  without  the  f.n  r  uni  >.   »  i  f. 


The  ischia,  e,  e,  dcvelopc  tuberoeides /,/,  and  unite  at  the  ischial 
symphysis,  64,  d.  The  pubics  b,  articulate  by  a  broader  tube- 
rosity, A,  with  ihe  plastron,  and  have  a  greater  transverse  extent. 
The  *  outlet'  of  the  pelvis  is  not,  as  might  be  supposed,  between  «^ 
and  64,  but  between  t  and /  The  wider  space  answers  to  the  ob« 
turatorial  one  in  Man  ;  and,  were  ossification  to  be  extended  from 
the  ischial,  04,  to  the  pubic,  e,  symphysis,  it  would  be  divided  into 
the  two  vacuities  called  *  foramina  ovalia  seu  obturatoria  '  in  the 
human  pelvis.  Such  division  docs  actually  take  jdace  in  the 
Tortoises  (  Trstudo)  and  Terrapenes,  as  shown  at  v,  fig.  51,  in 
£mys  Europcea. 

In  the  Tortoise  {TesUido)  the  iliac  bones  are  vertical  and 
columnar,  like  the  scapida,  but  arc  shorter  and  more  compressed. 
The  pubis  expands  to  join  its  fellow  at  llie  median  symphysis  and 
the  ischium  posteriorly :  it  sends  outward  and  downwud  a  long 
thick  obtuse  process  from  its  anterior  margin.  The  ischia,  in  like 
manner,  expand  where  they  unite  together  to  prolong  the  sym- 
physis backward.  The  'foramen  ovale  seu  thyroideum '  Is  nearly 
circular  on  each  side.  In  Ilt/draspts  the  ilia  articulate  directly  by 
part  of  their  under  surface  to  the  xi])histernals,  and  the  pubis 
becomes  confluent  with  the  aiunc  parts  of  the  plastron  by  the 
tuberous  process. 

The  fenuir  is  shorter  than  the  humerus  in  the  Turtles  :  the  head 
is  round,  surmounted  by  a  broad,  thick,  short  trochanter:  the 
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shaft  is  almost  straight,  slii:litly  expanded  at  the  di."*tal  end,  at  the 
back  |>art  of  which  the  condyles  are  feehly  indicated.  In  Terra- 
penes,  fig.  61,  w,  and  Tortoisea,  the  femur  orjuals  or  exceeds  the 
hnmems  in  length :  its  shaft  is  more  bent :  the  trochanter  is  divided 
into  two  processes,  moet  distinct  in  Trumyx,  In  no  Chelonian  is 
there  a  medullary  cavity :  ossification  extends  throughout  the  hone : 
the  two  bones  of  the  leg,  ib.  x,  T,  are  nearly  straight ;  the  tibia  is  the 
laigest,  with  the  proximal  end  almost  semi- 
drcular,  and  the  distal  one  less  expanded 
and  snbconcaye,  with  a  slightly-developed 
malleolns  in  Testudo  and  Em^,  The  fibula, 
fig.  117,  67,  is  a  little  bent,  enlarging  the 
interosseous  space  in  Trioujfx:  it  presents 
a  convexity  to  the  tarsus.  There  is  no  bony 
patella  in  any  Chelonian.  In  Teafudo 
tahuhiffi  I  found  a  synovial  joint  between 
its  fibrous  representative  and  the  femur, 
distinct  from  the  proper  capsule  of  the  knee- 
joint.  The  proxbrnl  row  of  the  tarsus  con- 
sists <^  two  bones,  astragalus,  a,  and  cal- 
eaneum,  which  in  most  Tortoises  become 
oonflnent.  The  distal  row  consbts  of  five 
hones,  fi^or  of  which  support  the  fi)ur  noiv 
mal  toes,  and  the  fifth  a  rudiment  of  the 
metatarsal  of  the  fifth  toe,  v\  the  fourth 
sad  fifth  of  the  second  row  of  tarsals 
•nswer  to  the  os  cuboidcs  of  hi«xhcr  ani- 
nials ;  the  other  thret;  bones  to  the  three 
ossa  cuneiforinia.  The  astragalar  part  of 
the  single  proximal  bone  includes  also  the  naviculare. 

In  the  Trmnijx,  fig.  117,  the  proximal  row  consists  of  a  single 
hone,  tf ,  answering  to  the  astragalus  and  naviculare:  the  distal 
row  consists  of  five  bones,  of  which  the  three  cuneiformia  are  very 
small :  the  two  divisions  of  the  cuboides,  //,  c,  are  very  lafge; 
the  first  may  include  the  arti(!ular  part  of  the  calcaneum ;  the 
outermost  is  dilated  and  angular.  In  Chelone  and  Chelyt  the 
cslcsneom  is  distinct  from  both  the  cuboid  and  the  astragalo-navi- 
<sn]ar  bones.  The  digits  are  moderately  long,  rather  flattened  and 
^^▼aricated,  supporting  the  hind  webbed  foot;  the  metatarsal  sup- 
ports two  phalanges  in  the  first  toe ;  in  the  other  toes  it  su])ports 
three,  the  last  havinjj  a  claw. 

In  T riuin/x  the  fifth  digit,  fig.  117,  r,  has  two  small  phalanges 
^d  no  claw.  In  Emys  and  Cistudo  the  digits  decrease  in  strength 
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from  the  first  to  the  fiflh,  and  in  length  from  the  second  to  the 
fifUL  In  the  Land  tortoises,  the  fifth  toe  is  reduced  to  a  metatarsal 

rudiment:  the  others  are  short  and  thick,  fig. 
118,  each  with  two  phalanges,  the  second  suj)- 
porting  a  claw,  and  adapted,  like  those  of  the  fore 
foot,  for  burrowing.  The  two  extremes  of  modi- 
fication of  the  hind  foot  in  tlie  chelonian  scries 
are  presented  hj  the  Turtle  and  Tortoise :  the 
great  oomparative  weight  and  bulk  of  tlie  body 
to  be  supported  on  dry  land  involve  a  form  <if 
limb  and  foot  resembling  that  in  the  Elephant ; 
whence  the  largest  kind  of  Land-tortoise  has  been 
termed  *  Tuiudo  elephantopuM.* 

The  general  homology  of  the  pelvic  bones  of 
the  Crooodile  has  been  previously  discnasedy 
l)p.  67-69,  and  illustrated,  figs.  55,  56,  57.  The 
serial  homology  oi  the  two  haimapophysial  elements  derives  satis- 
Ikctory  ilucldation  from  their  crocodilian  condition.  Of  those  of  the 
scapular  arch,  called  clavicle'  and  *coracoid,'  in  the  vertebrates  pos- 
sessinj;  both,  the  anterior  verv  rarelv  enters  into  the  formation  of  the 
joint  for  the  appendage  \  whilst  the  posterior  invariably  does  so. 

119 


Ltftpilfteboaw  Ctoeodllc  Obi. 

In  the  foetal  mammal,  before  the  coalescence  of  the  stunted  cora- 
coid,  this  relation  may  be  seen.  So  in  the  Crocodile,  the  posterior 
haimapophysis,  fig.  119,63,  combines  with  the  ilium,  62,  to  the 
exclusion  of  the  pubis,  64,  in  tlie  formation  of  the  acetabulum, 
repeating  the  articular  characters  of  the  coracoid;  whilst  the 
more  slender  pubis  placed  anterior  to  the  joint,  and  abutting  by  its 
mesial  end  against  the  abdominal  sternum,  figs.  5,  6,  lo,  repeats 
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those  characters  of  the  clavicle  of  lizards.  Accordingly  in  the 
progressive  reduction  of  the  pelvic  arch  to  a  single  ha?mapophysial 
element  sustaining  the  appendage,  as  in  Osseous  Fishes,  we  may 
discern  the  characters  of  the  *  ischium  in  that  element^  rather 
than  of  the  pubis. 

The  ilium  of"  the  Crocodile  is  twice  as  broad  as  long,  produced 
beyond  the  two  vertebrae  to  which  it  is  articulated:  it  descends 
vertically  to  the  acetabulum,  of  which  it  forms  the  upper  half. 
The  anterior  production  or  tuberosity,  a,  is  the  thickest^  the  pos- 
terior is  the  longest^  The  ischium  developes  a  strong  bent  process 
from  the  fore  part  of  the  acetabular  end,  to  which  the  pubis  is 
articulated :  as  it  descends  and  inclines  inward,  it  becomes  flat- 
tened and  expanded,  h,  and  joins  its  fellow  by  a  moderately 
extended  ischial  symphysis.  The  pubis  is  direct^  more  forward, 
and  though  smaller  and  more  slender,  resembles  the  ischium  by 
the  expanse  of  the  medial  end.  As  ossification  is  not  extended 
along  the  mid-line  from  the  ischial  symphysis  to  the  pubis,  no 
'obturator  foramina  '  nre  defined,  but  a  wide  vacuity  intervenes,  as 
m  Chelone  and  Trionyx, 

The  femur,  fig.  57,  v,  is  bent  in  curves  opposite  to  those  of  the 
humerus :  the  head  is  conyex,  subcom  pressed  laterally,  flattened 
externally  ;  the  chief  process  is  from  the  inner  side,  at  the  upper 
tliird  of  the  shaft :  there  is  a  ridge  external  and  above  this  process: 
the  distal  end  expands  transrerselji  and  developes  backward  two 
condyles ;  the  outermost  receives  part  of  the  head  of  the  fibula.  It 
is  longer  than  the  humerus,  but  in  a  less  degree  in  modem  than  in 
meso2soic  crocodiles.  The  tibia,  figs.  57  and  120,  6€,  presents  a 
large  triangular  head  to  the  femur,  the  division  of  the  back  part  of 
which  into  two  condyles  is  feebly  indicated :  it  offers  a  smaller 
convex  cresccntic  .surtace  to  the  tarsus.  The  fibula,  ib.  67,  is 
slender  and  subcylindrical ;  much  compressed  above,  more  ex- 
panded and  triangular  below.  Each  of  the  foregoing  long  bones 
has  a  medullary  cavity.  There  is  no  patolln  ;  but  there  is  a  fibro- 
cartilaginous *fabclla,'  with  granular  bone,  in  old  crocodiles, 
behind  the  outer  condyle. 

The  principal  tarsal  bone,  fig.  120,  e,  represents  the  astragalus, 
naviculare,  and  entocuneiform,  connate,  of  the  hiunan  series; 
articulating  with  the  distal  end  of  the  tibia  and  a  small  part  of  the 
fibula  above,  with  the  calcaneum  and  cuboid  externally,  and  with 
the  first  and  second  metatarsals  and  the  ectocuneiform  below* 
Xhe  calcaneum,  intervenes  between  the  fibula  and  cuboid,  and 
W  a  short  but  thick  posterior  tuberosity,  y,  fig.  57.  The  cuboid, 
fig.  120,  e,  supports  the  fifth,  v,  fourth,  ivy  and  part  of  the  third. 
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iii,  metatarsals.    The  ectocuneiformy  f,  is  wedged  between  the 

bases  of  the  second  and  third  metatarsals.    These,  by  the  oblique 

overiapping  arraugeuieiit  of  tlicir  cxpaiKlcd  bases,  resemble  the 

articuliuiuiis  of  the  ventral  fin- 
rays  in  most  fishes.  The  fifth 
is  flattened  and  expanded  to  sup- 
port the  broad  scale  from  the 
outer  side  of  the  foot,  but  is 
curtailed  in  length  and  supports 
no  toe. 

The  four  normal  metatarsaU 
are  much  larger  than  the  corres- 
ponding metacarpals.  That  of 
the  first  toe,  i,  is  the  shortest 
and  strongest;  it  supports  two 
phalanges :  the  other  three  are 
of  nearly  equal  length,  but  lose 
thickness  from  the  second.  ?V,  to 
the  fourth.  Hi:  the  second  suj)- 
|X)rt8  three  phal ancles ;  the  tliird, 
four ;  the  fourth,  also  four,  the 
claw  and  its  phalanx  being  ab- 
sent in  this  toe:  tV,  Hi,  and  iv, 
are  webbed  in  true  Crocodiles^ 
but  semipalroate  in  Alligators, 
In  most  Lacertiaos  two  verte- 
bne  are  modified  for  articulation 
with  the  iliac  bones»  as  in  the  Mo- 
nitor (  Var€aius,  fig.  121, a):  but 
in  the  Chameleon  there  are  three 
sacrals.  In  the  great  Monitor 
the  ilium,  A,  extends  backward 
'  beyond  the  junction,  terminate 
injr  obtusely,  and  l)ends  down 
as  it  passes  forward  with  a  short 
process  above  the  acetabulum. 
Both  ischium  and  pubis  com- 
bine with  the  iHum  in  forming  this  cavity.  The  ischium,  c, 
is  usually  most  expanded  at  its  symphjsiai  border,  which  is  pn>> 
duoed  backward.  The  pubis,  /,  appears  as  a  more  direct  oon- 
tinualion  of  the  ilium,  and  is  perforated  near  its  acetabular  end, 
anterior  to  which  it  developes  a  process.  The  symphysial  car- 
tilage is  continued  from  the  ischium  to  the  pubia,  ^viding  the 
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iatcfspaee  iato  the  'obturator  fonuniiia/  and  becoming  osaified  in 
old  Monitora.  Tbe  femur  resembles  that  of 
the  Crocodile,  but  with  the  inner  trochanter 
better  developed,  with  a  larger  medullary  cavity, 
ami  with  a  more  markctl  cloprcs^iuii  on  the  outer 
condyle  for  the  fibular  articulation.  The  division 
of  the  back  part  ol"  the  head  of  the  tibia  is  usually 
more  marked.  The  head  of  the  fibula,  fig,  122, 
67,     riaea  higher  than  iu  the  Crocodile. 

In  VaranuB  niloticus,^  the  elongated  iliac  NiTt«of  tin  Moaitor 
bone  abuts  against  the  transverse  processes  of 
the  two  sacral  yertebraa,  the  first  on  the  right  side  and  the  second 
on  the  left  side  being  applied  on  a  plane  higher  than  the 
opposite  prooesses:  that  of  the  first  caudal  vertebra  also  abuts 
against  the  ilium  on  tibe  left  side.  The  ilium  sends  off  a  tuber- 
osity in  front  of  the  sacro-iliae  syndesmosis,  and  it  joins  the  pubis 
and  ischium  by  a  broad  suture.  The  trochanter  arises  fr»nn  the 
inner  and  back  part  of  the  j)roxinial  end  of  the  shaft  of  the 
femur.  There  are  two  ossified  patellie  in  the  tendon  of  the  great 
extensor  of  the  Icl^  The  tarsus  dillers  from  that  of  the  Crocodile 
chiefly  in  there  being  a  *  mesocuneiform '  supporting  the  second 
metatarsal,  fig.  122»  tt:  but  this  is  wanting  in  many  lacertians. 
The  bone  ia  as  composite  as  in  the  crocodile.  The  fifth  meta^ 
tarsal  is  flattened,  and  articulated  farther  back  than  the  rest, 
extending  along  the  outer  side  of  the  cuboid,  e,  to  the  calca- 
neom,  i^i  it  supports  an  unguiculate  toe  of  four  pbakmges, 
fig.  122,  VI  the  number  of  phalanges  in  the  other  toes  progres- 
sively increases  from  two  in  the  first,  i,  to  five  in  the  fourth,  iv, 
with  proportionate  increase  of  length. 

The  chief  modification  of  the  hnid  limb  of  Lacertians  is  found 
in  the  Chameleon,  fi^r.  1*23.  The  ilium  is  a  simple  elonpite, 
subcompressed  bone  (hseending  vertically  IVom  the  converging 
ends  of  the  sacral  processes  to  the  acetabulum.  The  fibula, 
fig.  123,  h,  67,  is  bent  outward.  In  the  tarsus  may  be  seen  a 
stunted  homologue  of  the  astragalo-navicular  bone,  a',  receiving 
the  end  of  the  tibia ;  and  a  larger  calcaneum,  h',  in  like  relation 
with  the  fibula:  these  form  a  cavity  for  the  spheroid  '  cuneiform/ 
dt  by  which  the  prehensile  foot  rotates  on  the  leg ;  and  there  is  a 
cuboid,  e,  exclusiyely  supporting  the  fifth  metatarsal,  v.  This 
determination  of  the  homologies  of  the  tarsal  bones  with  those  of 
the  ambulatory  lizards,  shows  the  nature  of  the  five  short  but 
metatarsially  shaped  bones  supporting  the  toes,  and  settles  the 

*  ZUT.  p.  149,  No.  678. 


Digitized  by  Google 


19-2 


ANATOMT  OF  YBBTBBRATBS* 


122 


bomology  of  their  liomotTpes  in  the  fore-foot,  fig.  1 10.  The  first 
metatarsal  supports  two  phalanges,  fig.  123,  t ;  the  second,  three  ; 
the  third  and  fourth,  each  four  phalanges ;  and  the  fifth,  three.  The 

first  and  second  toes  are  opposecl 
to  the  other  three  in  the  hind  foot, 
contrariwise  to  the  arrangement  in 
the  fore  foot. 

In  tiie  Ptcrodactyle,  fig.  Ill, 
the  liiiid  limb  adhered  closely  to 
the  lacertian  type ;  the  metatarsala 
were  distinct;  the  phalanges  in- 
creased in  numher  firom  the  first 
to  the  fourth  toe,  but  retained 
more  equality  of  length  than  in 
lizards;  all  the  fiye  toes  were 
nnguiculate,  the  claw  phalanx  com- 
pressed and  deep.  Although  in 
some  species  there  were  four  or 
five  sacral  vertehnr,  the  hind- 
limbs  were  too  fct  lilc  to  sustain 
the  body,  as  in  Birds :  they  more 
probably  served  to  suspend  it,  as 
in  Bats,  with  a  concomitant 
strengthening  of  the  claws. 

The  reptilian  hind-limbs,  with 
their  arch,  acquired  the  most  com- 
plex structure  in  the  great  extinct 
Dicynodont  ^  and  Dinoeaurian  * 
orders.  In  Dicynodon  tigriccps 
ossification  extended  over  the 
whole  of  the  interspace  between 
the  ischium  and  pubis,  obliterat- 
ing altogether  the  obturatorial 
foramina:  and  both  iliac  and 
ischial  bones  articulated,  as  in 
edentate  mammals  with  a  long 
sacrum.  In  the  Iguanodon  six 
vertebra  were  modified  with  interlocking  centrums  and  neural 
arches,  the  latter  resting  on,  and  suturally  joined  to,  the 
contiguous  halves  of  two  centrums.  The  femur  exhibited  an 
upper  and  external  *  great  trochanter,*  besides  the  inner  tro- 
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ekmater  better  deyeloped  than  in  modem  lizards:  examples  of 
this  bone  fonr  feet  in  length  have  been  discovered.  In  the 
almost  equally  colossal  Sclelidosanr  the  toes 

of  the  hind  foot  were  reduced  to  four  in  num- 
ber by  suppression,  as  iu  the  Crocodile,  of 
the  fifth.  In  the  Iguanodon  they  were  re- 
duced to  three  by  the  supi)ressiou  also  of  the 
first  toe  ;  the  retained  toes  were  short  and 
broad,  with  phalanges  in  number  respectively 
three,  four,  and  five ;  but  the  latter  so  mudi 
>horter  as  to  reduce  the  outer  to  the  «amc 
length  as  the  inner  toe,  and  with  the  middle 
one  both  longer  and  hunger ;  showing  in  the 
great  herbivorous  Saurian  an  interestii^  ani^ 
logj  to  the  hind  limb  of  the  Bhinoceros.' 

§  43.  Dermosheleton  of  Fi$he$, — The  scales 
of  fishes  may  be  regarded,  from  their  seat  and 
mmle  of  developement,  as  parts  of  the  dermo- 
skeleton :  and  in  the  palieo-  and  nicso-zoic 
8j>ecies  they  were  ossified,  in  the  form  of 
granules,  tubercles,  plates,  or  imbricated 
scales.  Bony  fishes,  with  scales  so  soft  and 
soluble  as  to  leave  no  trace  in  fossilization, 
seem  not  to  have  existed  before  the  oretap> 
ceous  period :  for  even  the  exoekeleton  of  the 
LeptolcpOm  of  the  lower  and  middle  oolites 
has  been  preserved  to  us  through  the  thin  coating  of  petrifiable 
ganoine  with  which  their  minute  and  delicate  scales  were  covered. 
Tubercular  inteji^iinient,  like  the  '  shagreen '  of  sharks  and  dog- 
fishes, has  come  down  to  us  from  a  period  as  remote  as  the 
Silurian.  In  skates  and  rays  the  skin  is  studded  by  bone  in  larger 
masses ;  sometimes,  as  iu  the  *  Thombaok,'  developing  a  small 
bent  spine. 

The  hard-rays  in  the  fin  of  the  Perch  and  other  Acanthopteri, 
the  larger  and  fewer  spear-like  weapons  of  the  Sticklebacks 
{GaMterostet)y  Sheat-fishes  i^Siluridte),  Trigger-fishes (Balistes),  and 
some  Snipe-fishes  (C«ii<rwcii«),  are  all  parts  of  the  dermosheleton. 

In  BoHstes  eapriscuM  —  a  rare  Britidi  fish  —  the  anterior  dorsal 
is  preceded  by  a  strong  erectile  s[)ine :  its  base  is  expanded  and 
perforated,  and  a  bony  bolt  from  the  supporting  plate  passes  freely 
through  it :  when  the  spine  is  raised,  a  hollow  at  the  back  part  of 
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the  base  receives  a  prommeDce  from  the  next  bonj  ray,  which 
fixes  the  spine  in  the  erect  position,  as  the  hammer  a  gun-lock 
acts  at  full  cock ;  and  the  spine  cannot  be  forced  down  tiU  the 
small  spine  or  '  hammer  *  has  been  depressed,  as  by  pulling  the 
trigger.  This  mechanism  may  also  be  compared  to  the  fixing 
and  unfixing  of  a  bayonet.  When  the  spine  is  unfixed  and  bent 
down  it  is  received  into  a  groove  on  the  supporting  plate,  and 
offers  no  impediment  to  the  progress  of  tlie  fish  thronprh  the  water. 
The  generic  name  (^BaListes)  and  the  common  luilinii  name  of  the 
fish  i^Pesrp  halpsfra^,  refer  to  tlii?  structure  :  the  epme  i?  rough- 
ened by  ganoid  grains,  whence  our  English  name  of  '  i  jle-fish«* 
The  hind  border  of  the  analogous  weapon  of  the  Centriscits 
humerasus  and  of  most  Sheat-fish  is  denticulated,  so  that  they 
inflict  a  ragged  woimd.  In  all  such  wcaponed  osseous  fishes,  the 
base  of  the  spine  is  modified  for  articulation  with  another  bone. 
In  gristly  fishes  so  armed  the  base  of  the  spme  is  simple,  smooth, 
hollow,  implanted  deeply  in  the  fiesh  and  attached  to  ligament 
and  muscle. 

The  great  majority  of  such  weapons  found  in  a  fossil  state, 
called  '  ichthyodorulites,*  show  by  their  basal  structure  that  they 
come  from  Plarriostomous  fishes,  and  exemplify  in  a  remarkable 
manner  the  efficiency,  beauty,  and  vanetv,  of  the  ancient  armoury 
of  that  order.  In  some,  the  marginal  serrations  were  themselves 
denticulate  {Edestesy  Certain  Kays  {Try-on)  have  spines  with 
both  margins  serrate.* 

The  series  of  side-scales  perforated  by  the  mucous  duct  in  the 
mode  rn  soft-scaled  fishes  are  usually  more  or  less  ossified.  In  the 
£el  tribe  the  lateral  mucous  ossicles  are  tubular  and  concealed  by 
the  epiderm.  In  the  Sole  and  Plaice  the  ifiuoous  scale  bones  of 
ihe  lateral  line  are  quite  superficiaL  There  are  many  cucular 
radiated  ossicles  scattered  over  the  dark  or  upper  side  of  the  skin 
of  the  Turbot.  A  row  of  small  chevron-.^liaped  dermal  bones 
extends  along  the  median  line  of  the  belly  of  the  Herring,  and  the 
extremity  of  each  hiteral  })rocess,  fig.  37,  d  //,  is  connected  with 
that  of  the  lon^T  and  slenih  i-  vertehral  rib,  completing  the  interior 
arch,  like  a  sternum  and  sternal  ribs.  The  Dory  has  two  rows  of 
thick  osseous  plates  along  the  under  part  of  the  abdomen ;  but 
their  superficial  position  indicates  their  essentially  dermal  charac- 
ter. Parts  analogous  to  a  sternum  are  thus  supplied  from  the 
exoskeleton  as  they  are  firom  the  splanchnoskeleton  in  the  Lam- 
prey, fig.  11 ;  but  the  true  homologues  of  the  stenium  are  first 
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seen  in  the  endoakeleton  of  the  Batrachia.  In  the  Trunk-fishes 
(  Osiraeian),  and  Pipe-fishes  ( Simgnathut),  the  dermal  scale  bones 
form  a  continuoiis  ooat  of  mail,  like  a  tessdlated  quincuncial  pave- 
meat,  oyer  the  entire  body,  as  shown  in  the  transTerse  section, 
16,  d  n,  dpfd  A,  and  the  endoskeleton  is  but  little  ossified 
The  like  is  seen  in  the  Hippocamps.  Thus,  in  Pegasus  draco, 
fig.  124,  with  the  exception  of  the  small  premaxillaries  d,  and 
mandible  e,  all  the  visible  hard  parts  of  the  head,  are  due  to  the 
diii  moskeleton :  such,  e.  g.,  as  the  rostrum,  a ;  the  plates  in  which 
the  eyes  are  placed,  b ;  the  gill-covers,  h ;  the  median  plate,  g. 


124 


supporting  the  hvol  ranchlal  arches;  the  zone, /,  sustaining  the 
large  pectoral  fins ;  and  the  hard  case  of  the  incubating  pouch. 

In  the  Ganoidei,  parts  of  the  exoskeleton  coalesce  with  endo- 
skeletal  bones  of  the  skull,  especially  the  sclerogenous  ones,  while 
others  oyerlie  the  true  cranial  bones.  Thus,  in  the  Sturgeon, 
the  ganoid  plate,  marked  d  s,  fig.  125,  simulates  a  superocci- 
pital ;  *  but  its  homologue  in  Polypterus  and  Lepidosteus  is  subdi- 
vided :  and  as  the  cartilaginous  homologue  of  the  epencephalic  arch 
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underlies  the  plate  d  3,  in  An'penser  Sfurw,  so  also  do  the  ossified 
ex-  and  super-oocipitals  underlie  in  Polypterus  the  three  dermal 
plates  corresponding  in  position  with  d  3  in  Ac,  Sturio.  The  true  par- 
occipitalis  equally  distinct  from  the  plate  marked(^  8,  in  Ac.  Sturio 
and  its  representative  subdivisions  in  Polypterus,  The  dermal 
plates  in  advance  of  these  coalesce  with  the  true  parietalsy  firontals, 
postfirontals,  and  part  of  the  mastoids.  But  the  varieties  in  the 
dermal  plates  within  the  limits  of  a  genus,  as  exemplified  by  the 
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single  interfrontal  in  Acipenser  Sturio,  by  the  three  interfrontala 
in  Ac,  Scypluiy  by  the  divided  superoccipital  plate  in  Ac,  breviros^ 
trisy  Sec,  sufficiently  warn  against  the  confusion  arising  from 
applying  to  dermal  plates  the  names  of  the  true  cranial  bones  in 
recent  and  extinct  ganoid  and  placoganoid  fishes.  The  median 
cranial  ganoid  plates  in  the  Sturgeons  are  plainly  a  continuation 
forward  of  the  dermal  plates,  (ib.  d  s,  fig.  125),  of  the  mid-line  of 

the  back ;  and  examples  of  a  like  re- 
petition occur  amongst  the  Osseous 
Fishes  in  the  dermal  epicranial  spines, 
for  example,  of  the  Anj^h^r  [  L<tj>hius), 
wliich  support  the  lung  ii^liing-fiLi- 
ments  upon  the  head,  or  in  those 
modified  ones  forming  the  sucking  disk 
on  the  head  of  the  Remora. 

in  certain  fishes  of  the  Devonian  or 
Old  Red  Sandstone  period  the  head  and  part  of  the  trunk  were 
encased  by  coarticulated  ganoid  bony  plates.  Fig.  127  shows  the 
proportions  in  which  the  exo-  and  endo-skeleton  entered  into  the 
conservable  framework  of  one  of  these  ancient  fishes,  termed 
Coeeotteus  (kokkos  berry,  osteon  bone),  in  reference  to  the  tuber^ 
cuhur  enamelling  of  the  exterior  of  the  combined  helmet  and 
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cuirass.  In  the  com{X)8ition  of  th 
sutures,  not  mucous  grooves,  may  be 
discerned  the  following  plates  :  5, 
median  ;  6,  lateral ;  7,  premedian ;  8, 
prelateral ;  9,  rostral ;  12,  dorsomedian ; 
14,  postdorsomedian  ;  18,  sublateral;  ao, 
postventrolateral ;  22,  preventrolateral  \ 
24,  suborbital. 

The  blank  space  between  the  neu- 
ral n,  and  haemal,  /t,  spines  of  the 
fossil  endoskeleton  indicates  the  posi- 
tion of  the  soft  *  notochord,'  c,  which 
has  been  dissolved  away. 

In  the  Pterichthys  of  the  same  geo- 
logical formation,  the  helmet  was 
moveably  articulated  with  the  trunk- 
buckler. 

In  Cephalaspis  the  armour  of  the 
head  was  shield-shaped,  with  the  pos- 
terior angles  produced  backward  in  a 
pointed  form. 

The  fishes  with  enamelled  dermal 
hones  in  the  form  of  plates,  whether 
coarticulated,  fig.  127,  or  detached  as  in 
the  Sheat-fishes  and  Sturgeons,figi  125, 
^  Pf  d  8^  are  called  *  placoganoid : ' 
those  in  which  they  have  the  size, 
form,  and  overlapping  arrangement  of 
scales,  fig.  1 26,  are  called  *  lepidoganoid.* 
The  genera  Polypterus  and  Lepidosteus 
exceptionally  exemplify  the  latter  con- 
dition of  the  dermoskeleton  at  the 
present  day  :  it  was  the  rule  with  the 
fishes  of  the  mesozoic  period,  and 
With  those  of  the  palaeozoic  which 
were  not  *  placoid '  or  *  placoganoid.' 

fig.  126,  a  indicates  the  outer 
^rface  of  parts  of  two  series  of  the 
rhomboidal  ganoid  scales  of  the  extinct 
^fnblt/pterus :  and  b  the  inner  surface 
two  scales,  showing  the  ridge  pro- 
duced at  one  end  into  a  projecting 
P^g*  which  fits  into  a  notch  of  the  next 


armour,  as  defined  by 

127 


Endo-wd  exo-tkeleton,  CbeeotMa.  CLvt. 
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scale^  in  the  way  thai  tiles  are  pegged  together  in  the  roof  of  a 
house. 

In  the  Porcupine-fishes  {Diodon)  the  Bpines  are  supported  by 
triradiate  interlocking  dermal  bones. 

§  44.  DermoBheleim  ofRepHks* — ^In  the  Scinooid  fiunily  of  the 
Laoertianfiy  tlie  BcaleB  are  more  or  leas  ossified;  least  so  in  the 
smoothHsealed  genera  (  SeincuB,  JHMqm) ;  but  in  Cyehdm  resembling 
scutes,  and  giving  a  knobby  character  to  the  suiftoe.  In  Cyclura, 
Laphura,  and  Xipkomru»  velifer,  dermal  bones  in  the  form  of 
spines  project  or  raise  the  skin  above  the  dorsal  or  caudal  vertebraj. 
The  horizontal  plates  connate  with  the  neural  spines,  and  with 
the  ribs,  are  dermal  ossifications,  as  are  the  neural  plates  and 
marginal  plates  which  remain  distinct  from  the  endoskeleton, 
in  the  composition  of  the  carapace  of  the  Chelonia.  The  pla^:t^on 
is  also  formed  by  dermal  plates^  connate  with  the  sternum  and 
sternal  ribs. 

In  existing  Crocodilia  the  upper  surface  of  the  trunk  is  de- 
fended by  bony  8cutes»  usually  quadrate  in  form,  smooth  on  the 
inner  surfitcei  sculptured  and  longitudinally  ridged  on  the  outer ; 
arranged  in  transyerse  series,  more  or  less  apart,  of  twos  or 
fours,  upon  the  neck ;  but  six  or  eight  in  a  transverse  line  and 
dose  set,  so  as  to  have  a  longitudinal  as  well  as  tmnsveree 
arrangement  along  the  back.  The  numbers  and  patterns  of  these 
scutes  are  noted  in  zoolo^cal  comparisons  and  characters  of 
genera  and  species.*  The  Alligators  are  defended  by  a  ventral 
as  well  as  dorsal  cuirass,  separated,  as  Natterer  observed  in 
Champsa  palpebrosa,  Ch,  trigonnfn,  Ch,  fjibbiripa,  only  by  a 
narrow  and  soft  lono-itudinal  groove  alonir  the  sides  of  the  neck 
and  truuk.^  But  the  most  remarkable  anatomical  modifications 
are  presented  by  the  extinct  and  especially  the  mesozoic  Cro- 
codilia. 

The  presence  of  a  ventral  as  well  as  a  dorsal  series  nf  scutes 
and  their  distinctiTe  characters  were  first  noted  in  the  TekataurL 
The  dorsal  scutes  are  in  dose-set  sub-imbricate  transverse  rows, 
the  posterior  nuurgin  overlapping  the  anterior  one  of  the  next 
TOW*  I  counted  twenty  such  rows  in  a  specimen  of  the  Whitby 
Teleosaur,  of  which  sixteen  covered  the  vertebro  between  the 
last  cervical  and  first  caudal.  In  the  ventral  shield  or  plastron, 
only  the  two  scutes  in  each  row  are  on  ilie  same  transverse  parallel 
which  border  the  mid-line  of  tlie  abdomen ;  the  others  have  an 
alternate  interlocking  arrangement.     These  ventral  scutes  are 

>  csi.  torn.  T.  pp.  79,  80,  pi.  n.         *.  cLvn.  torn,  il  (1840)  p.  320. 
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Bot  carinate ;  and  siicli  is  the  case  likewise  with  the  dorsal  scutes 
of  certain  species*  of  Teleosaur.  In  a  Wealden  Crocodile  {Gonio^ 
pkoiUi)^  the  angles  of  tke  oblong  quadrilateral  dorsal  scutes  are 
well  marked,  and  from  one  of  them  was  continued  a  peg-like 
process,  which  fitted  a  depression  on  the  under  surface  of  the  con- 
tiguous angle  of  the  next  scute,  thus  serving  to  bind  together  the 
scutes  in  the  way  in  which  the  enamelled  scales  were  united  in 
many  extinct  ganoid  fishes,  fig.  125.  The  outer  surface  was 
impressed  by  numerous  deep,  round,  or  oblonj^  pits ;  but  a  larger 
proportion  of  the  fore  part  of  this  surface  was  o\  ci  la]»pcd  ])y  the 
antecedent  scute  than  in  Teleosaurus,  and  this  |)art  is  smootii  and 
thinner  than  the  rest  of  the  seute.  Associated  with  the  quadrate 
toothed  scutes,  ascrihod  to  the  back  of  Goniupfwlis,  and  irregu- 
larly scattered  in  the  matrix,  I  have  observed  others  of  a  hexa- 
gonal form,  with  a  similarly  pitted  outer  surface,  but  without  the 
pegy  and  with  thick  sutural  margins.  They  indicate  a  similar 
alternate  arrangement  and  interlocking  of  the  yentral  scutes,  as 
in  TeUataurus, 

The  dennal  armour  of  HyUmaurtu  and  Scelidosauru$  appears  to 
have  consisted  of  series  of  detached  scutes  of  an  elliptical  or  circular 
form,  without  sutural  or  smoothly  OTerla])ping  margins:  of  great 
thickness,  with  the  outer  surface,  in  most,  pyramidal,  or  rising  to 
a  longitudinal  ridged  summit.  In  Hylctosaurus  certain  scutes 
situated  above  the  dorsal  spiues  were  of  a  very  long  and  narrow 
triangular  form  with  the  base  oblique ;  and  seem  to  have 
formed  a  defensive  fringe  of  strong  spines  along  the  back,  as  in 
Xiphosurus,  In  ScelidosauriLS  the  surface  was  defended  by  several  - 
longitudinal  series  of  massive  unconnected  bones:  those  in  the 
middle  of  the  dorsal  surface  being  in  pairs  upon  the  nape,  and 
single  along  the  tail,  where  three  are  coextensive  with  from  five 
to  seven  snhjacent  vertebrss:  a  corresponding  medial  series  of 
rather  smaller  and  less  vertically  developed  scutes  defended  the 
under  surface  of  the  tail;  and  there  were  one  or  more  lateral 
series  of  a  more  depressed  and  fuller  ovate  form,  in  that  region.* 

*  cxLTi.  p.  79.   Thr  volume  of  the  S«rial  erataininp;  XattaMX^s  memoir,  though 

bearing  the  date  1840,  had  not  reached  this  country  when  I  commilllicated  th»  seCOnd 
part  of  my  '  Keport  on  iToasil  Heptiies '  to  the  British  AoBodation. 
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§  45.  Structure  of  Muscje. —  ISIusciilar  tissue  is  fibrous, and  resol- 
vable into  fine  threads  inclosed  in  a  delicate  sheath,  called '  elemen- 
tary fibres.'  These,  in  Vertebrates,  are  of  two  kinds ;  in  one  the 
fibre  18  crossed  by  close  parallel  lines ;  in  the  other  it  is  smooth. 
The  transversely  striped  character  is  too  fine  to  be  seen  without  the 
aid  of  the  microscope ;  but  may  be  indicated  to  the  naked  eye  by 
the  iridescence  of  llie  sur£Mse  in  certain  lights.*  All  the  muscles 
subject  to  the  influence  of  the  will,  or  cerebral  action,  have  striped 
fibres.  Most  of  the  involuntary  musdes  have  unstriped  fibres ; 
those  of  the  heart  and  gullet  are  among  the  exceptions ;  and,  on 
the  other  hand,  the  muscles  performing  the  rhythmical  movements 
of  the  gill-covers  in  fisshes,  like  those  of  the  thoracic  walls  in 

higher  air-breathers,  have  the 
striped  fibre.  But  besides  the  close 
cross  parallel  lines,  lonjritudinal 
ones,  darker,  wider  apart,  and  of 
varying  extent,  often  present  them- 
selves on  the  elementary  fibre  of 
voluntary  muscle,  as  in  fig.  128, 

AO.' 

^  fibre,  though  termed  'ele- 

^^wwmPWw  mentary'  may,  by  manipulation 
MnMlf  Btttttii^^^^^^^  and  chemical  agency,  be  resolved 

into  parts  of  different  forms.*  It 
seems  most  prone  to  split  into  lon- 
gitudinal tracts,  which  have  been 
tenned  *  filu  lls,'  fig.  128,  a,  b  and  r,  and  these  have  a  show 
of  segments  equallin<r  in  length  the  breadth  of  the  transverse 
stria}.  Sometimes  such  segments  appear  by  alternate  dark  and 
light  parts  of  a  continuous  rectilinear  fibril,  as  in  the  upper  |K>r- 
tion  at  c,  fig.  128.    Sometimes  the  segments  are  marked  ofi"  by 


^  n.; If rtrr^.. 


Poitloiu  of  striped  elenMnttfjr  flbnt,  ■howlnf 
ft  dwvice  In  oppoiit«  dlraetloaib 


'  ZZ.  TOL  I  p.  10.  * 
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constrictions,  givin<x  a  scolloped  border  and  beaded  character  to 
the  fibril,  as  in  the  lower  portion,  at  c.    Sometimes  the  striped 
fibre  cleaves  into  transverse  portioDB  or  ^^acs,  fig.  128,  a, 
oomsponding  in  breadth  to  the  crossHrtripeSy  and  to  the  seeming 
segments  of  the  fibrils.  • 

The  following  is  the  average  diameter  of  the  striped  fibre^  of 
different  claaees,  in  fractions  of  an  inch : — 

Fishes       .       .       .      from  to  -Jf 

lieptiles    .       .       .        „  „  ^ 

lifammals  •      •      •  ^       „  t^T'' 

Thus,  among  vertebrates,  fishes,  and  in  fishes  the  Skates  (7?«m), 
have  the  thickest  elementary  striped  muscidar  fibre;  and  its 
elastic  tunic,  the  *  sarcolemma,'  can  be  best  demonstrated  in  them. 
^Vlien  the  fibre  is  broken  across,  as  in  fig.  129,  the  sarcolemma  a 
may  remain,  connecting  the  severed  {>ortions,  b. 
The  characteristic  vital  property  of  muscular  fibre  is  to  alter. 


»9 


FDrtlon<*  of  a  lirokcii  flciix  ritr»r)  !<trlr>''<l  niii-rnlar  f\hrc     In  !>1  tof^ctlMr 
bjr  Uie  uotoni  twUted  sarcoleutma  a,  XCaw  Oatis.  vuxxxr. 

under  stimulus,  its  relatiye  dimensions  of  length  and  breadth. 
When  it  becomes  shorter  and  thicker  it  is  said  'to  contract and 
by  these  contractions  the  movements  of  the  body,  and  of  its  parts, 

are  produced. 

In  the  contraction  of  a  smooth  elementary  muscular  fibre  it  has 
been  seen  to  grow  thicker  at  a  part,  and  shorter,  without  falling 
out  of  the  straight  line.'*  In  the  contraction  of  a  striped  elemen- 
tary fibre  it  has  been  seen  to  grow  thicker  at  successive  parts,  by 
approximation  of  the  cross  stripes,  as  in  fig.  130,  at  a,  a,  (u  along 
one  side;  or  engaging  the  whole  thickness  of  the  fibre,  as  at  ^,  6,6; 
and  these  successive  partial  thickenings,  with  concomitant  shorten- 
ing of  the  fibre,  have  been  termed  <  waves  of  contraction.'* 

On  the  cessation  of  the  act,  the  fibre  may  fiill  into  ag-zag  folds 

1  CLZUT.  p.  610.      '  zav.  £ditor's  not«,  p.  261.  (1837).      '  glxxxv.  p.  525. 
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on  resuming  its  length ;  bat  it  is  commonly  drawn  out  straight,  as 
before  the  contraction,  by  *  aiita«^onistic '  muscles,  in  the  living 

animal.  The  uncontracted  state  of  mus- 
cular fibre  is  sometimes  termed  *  relaxa- 
tion,* but  is  •  more  properly  a  state  of 
quiescence  or  equipoUency. 

Muaeles  oonsbt  of  series  or  bundles  of 
the  elementary  fibres,  with  their  Teflaela 
and  nerves,  connected  together  by  areolar 
tissue:  either  in  lengthened  or  flattened 
massesy  fixed  at  the  two  extremities,  called 
<  solid  muscles;'  or  disposed  around  cayities 
or  canals,  and  called  *  hollow  muscles.* 

The  non-contractile  fibrous  parts  by 
which  the  *  solid  muscles '  are  attached  to 
the  endo-  sclero-  and  exo-skcletons,  are 
called  *  tendons'  when  lonj]:  and  slender,  and 


J 


BUcei  of  oontncUon  teen  In  vx 
cleiii«ntafy  fibre  of  the  Blait&  Tbe 

«ipr<'m>(>('t  state  is  that  jiri-vlous  to 
the  comtnetioemeat  ol  coutraction. 


*  aponeuroses  '  when  broad  and  flat, 
§  46.  Myology  of  Fishes, —  The  modification  of  the  active  organs 
of  motion,  and  their  deviation  from  the  fundamental  vertebrate 
type,  proceed  concomitantly  with  the  metamorphosis  of  the  passive 
organs,  as  Vertebrates  rise  in  the  scale  and  gain  higher  and  more 
varied  endowments:  therefore,  as  the  segments  of  the  skeleton 


131 


MUM'Ulor  s)  stem,  Ptrru/luviatHit 


preserve  the  greatest  amount  of  uniformity  in  the  lowest  dass,  so 
does  the  principle  of  vegetalaTe  repetition  most  prevail  in  the 
corresponding  segments  of  the  muscular  system. 

The  chief  masses  of  this  system  in  ordinary  Osseous  Fishes  arc 
disposed  on  each  side  of  the  trunk,  in  a  series  of  vertical  flakes  or 
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segments,  corresponding  in  number  with  tlie  vertebrse.  Each 
lateral  llake  (myocomma,  fig.  131,  «,  ft,  c)  ^  is  attached  by  its  inner 
border  to  the  osseous  and  fibrous  parts  of  the  correspondiug 
vertically  extended  seginent  of  the  endixkeleton,  by  its  outer 
border  to  the  skin,  and  by  itd  fore  and  hind  sm-races  to  an  aponeu- 
rotic septum  common  to  it  and  the  contiguous  myocumma?.  The 
gelatinotis  tissue  of  these  septa  is  dissolved  by  boihng,  and  the 
muBCular  segments  or  flakes  are  then  easily  separated,  as  we  find 
in  carvii^  a  fish  at  table.  The  vegetative  similarity  of  the  myo^ 
commas  of  the  trunk  has  led  to  their  being  described  as  parts  of 
one  'great  side-muBcle,*  extending  firom  the  oodput  and  scapular 
arch  to  the  bases  of  the  caudal  fin-rays.  The  modifications  of  the 
oraiiial  yertebra  impress  corresponding  changes  on  their  muacuLir 
segments,  and  special  names  haye  been  conveniently  applied  to 
their  constitnentj  and  in  fiust  often  separated  and  independently 
acting,  fasciculi. 

The  fibres  of  each  myoconima  of  the  trunk  run  straight  and 
nearly  huri/ontally  from  one  septum  to  the  next;  but  they  are 
pci'uliarly  grouped,  bo  as  usually  to  form  semi-cuiiical  masses,  of 
which  the  upper,  a,  and  lower,  h,  have  their  apices  turned  back- 
ward ;  whilst  a  middle  cone,  c,  formed  by  the  contiguous  parts  of 
the  preceding,  has  its  apex  directed  forward;  this  fits  into  the 
interspace  between  the  antecedent  upper  and  lower  cones,  the 
apoes  of  which  reciprocally  enter  the  depresmons  in  the  succeed- 
ing segment,  whereby  all  the  segments  are  firmly  locked  together, 
their  general  direction  being  firom  without  obliquely  inward  and 
backward,  and  their  peripheral  borders  describing  the  zig-zag 
course  represented  in  fig.  131,  in  which  one  myocomma  is  repre- 
•ented  pardy  detached,  uid  others  quite  removed  firom  the  side  of 
the  abdomen.  Thu?^,  guided  by  the  fundamental  segmental  type 
of  tlie  vertebrate  structure,  we  come  to  recognise  the  *  grand 
muscle  lat^rale,*  of  Cmicr,  as  a  group  of  essentially  distinct 
vertical  masses  or  segments.  A  superficial  view  of  these  seg- 
nK'Tit^,  or  an  artificial  analysis,  has  led  to  their  being  regarded  as 
forming  a  series  of  horizontal  muscles,  extending  lengthwise  from 
the  h^id  to  the  tail :  the  upper  portions,  a,  of  the  myocommaa 
being  grouped  together,  and  described  as  a  dorsal  longitudinal 

'  Profeasor  Qoodsir  proposes  (cLxxviii.)  to  alter  this  term  to  '  myotome,*  and  to 
nbtkhata  fn  * Tcrtolna' or  *(wteoooiiiiiia'  (cxu,  1849,  p.  88)  Ibe  term  'lelefotoiiie,* 
bal  dikl  Ibnn  of  componnd  hM  been  prc-cn^aged,  for  their  special  catting 
iQstmments,  by  the  eclerotomistt,  ncurotomists,  lithotomists,  an  !  other  classes  of 
^peraAing  sursrcons  and  their  in?tniment-mnker*t.  If  the  itch  of  change  be  nncontrol- 
^•We,  I  would  suggest  'osteomere,'  •  scleromere,'  *  ncuroraere,' &c  (Gr.  firf/>o», />ai'< 
luittid  of  K^/i/to,  tegment. 
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mtisole^  with  tendmous  interaectioiui  directed  downward  and  back- 
ward —  the  lower  portions,  ^,  as  a  ventral  longitudinal  muscle, 
with  tendinous  intersections  directed  downward  and  forward, 
whilst  the  niar«rins  of  the  middle  portions  of  the  ni\ ocoinma-s,  r, 
being  enrvod,  and  usually  l)ise(*tt'd  hy  the  lateral  mucons  line,  have 
been  taken  as  indications  of  two  internietiiate  lonLrltudinal  muscles. 

In  the  Sharks,  instead  of  a  curve  the  margins  of  the  middle 
portions  of  the  myocommas  form  an  angle  with  the  apex  turned 
forward^  fig.  132;  and  in  the  Bajs  the  dorsal  portions  have 

132 


Muscles  of  fore  i>art  of  Shark  iSqualu*  glatuusi. 


actually  become  insulated  from  the  middle  ones,  and  metamor- 
phosed into  a  continuous  longitudinal  muscle,  fig.  139,  a,  the 
133  change  being  essentially  the  same  with  that  which  the 
bony  segments  themselves  undergo,  when  by  anchy- 
losis the  sacral  or  cranial  vertebrse  are  blended  into  a 
continuous  longitudinal  piece.  In  many  bony  fishes 
the  middle  fibres  of  the  caudal  myocommas  are  di»> 
posed  in  two  cones;  a  transyerse  section  of  the  tail 
cudai^c  -  ii  nof  a«  Mi  %  133,  shows  the  two  concentric  series  of  cut 
segments  of  the  sheathed  cones,  on  each  side  of  the 
spine.  The  portions  of  the  myocommas  above  the  lateral  line 
become  grouped,  in  fish-like  Batrachia  and  in  Ophidia,  into  three 
longitudinal  muscles,  coinparaMe  respectively  to  the  'spinalis 
dorsi,'  *  longissimus  dorsi,'  and  *  sacrohnnbalis,*  the  portions  below 
the  line  re>>])onding  to  certain  intercostals  and  tlie  'rectus  abdo- 
minis/ f)f  hitrher  vertebrates. 

The  myocommas  of  one  side  arc  separated  from  those  of  the 
opposite  side  of  the  body  by  the  vertebrse,  by  the  intemeural 
and  interhn^mal  aponeuroses,  and  by  the  abdominal  cavity  and  its 
proper  walls,  fig.  131,  h,p.  The  ventral  portions  recede  from  each 
other  to  give  passage  to  the  ventral  fins,  y,  as  in  fig.  135,  a :  and 
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the  ventral  and  lateral  tracts  separate  to  give  passage  to  the  pec- 
toral fins,  as  at  r/,  h,  fig.  134. 

From  this  part  forward,  jiortions  of  the  myocommas  undern^o 
that  change,  analogous  to  anchylosis,  which  justifies  their  being 
Tegarded  as  distinct  longitudinal  miiseleB:  here  the  separated 
▼entraL  tracts  fig.  135,  a,  derives  a  firmer  origin  from  the  claTidey 
and,  in  consequence  of  the  forward  curve  of  the  coracoid,  it  is 
not  only  expanded  but  lengthened  out,  in  order  to  be  inserted 
there.  But  the  serial  homology  of  this  fasciculus  with  the  more 
nonnal  yentral  portions  of  the  succeeding  myocommas,  the  hma^ 
pophyaial  attachments  of  which  have  not  risen  above  the  aponeu- 
rotic state,  is  unmistakeable.  The  lateral  portion  of  the  anterior 
myocomma,  fig.  1 34,  h,g,  is  attached  to  the  upper  endof  the  coracoid 
and  to  the  scapula ;  the  dorsal  portion,  /*,  to  the  suprascapula,  par- 
occipital  and  superoccipital.  We  recognise  the  dorsal  portion  of 
the  ] posterior  cranial  niyoconnna  in  the  fasciculus  called  *  protractor 
scapuhe,'  fig.  134,  the  middle  portion  in  that  wliich  is  exposed 
by  the  removal  of  the  operculum,  and  which  extends  from  the 
scapula  to  the  mastoid,  fig.  137,  26;  the  ventral  [lurtions  in  the 
fasciculi  continued  from  the  coracoid  forward  to  the  hyoid,  c, 
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%•  136 :  the  corresponding  portions  of  the  more  anterior  cephalic 
muscular  segments  may  be  recognised  in  d  and  ar,  fig.  135. 
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Other  dismemberments  of  the  cranial  myocommas  are  specialised 
•        to  act  upon  the  branch iostegal  appendages,  the  branchiae,  the 
upper  and  lower  jaws,  &c. ;  and  the  chief  of  these^  under  their 
special  denominations  will  next  be  noticed. 

The  upper  and  lower  jaws  are  so  connected  together  in  Osseous 
Fishes  that  one  cannot  be  moved  without  affecting  the  other,  and 
both  are  alike  moveable.    Protrusion  and  retraction  affect  them 
equally^  and  usually  to  a  greater  extent  than  divarioation  and  ap- 
prozimation,  or  the  opening  and  shutting  of  the  month :  in  a 
minor  degree,  also,  the  two  halyes  of  both  maadlhoy  and  mandibu- 
kr  arches  have  transverse  moyements,  varying  the  angle  at  which 
theyseverallj  meet  at  the  prenuudllary  or  premandibnlar  symphysifl. 
The  most  important  retractor,  which  tends  in  that  action  also  to  doee 
the  mouth,  is  the  large  subquadrate  muscle,  retractor  &ris,  fig.  134, 
20,  20,  wlilch  arises  from  the  tympanic  pedicle  and  anterior  border 
of  the  prooperculum,  and  is  inserted  ))y  the  upper  fasciculus  into 
the  maxillary ;  bv  a  lower  fasciculus  into  the  mandible  behind  the 
coronoid  process  ;  and  by  an  aponeurosis  into  the  membrane  uniting 
the  two  jaws  near  the  angle  of  the  mouth.    The  muscle  which 
tends  to  open  the  mouth  by  depressing  the  mandible,  on  which  it 
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exclusively  acts,  is  that  marked  27  in  fig.  135  ;  it  arises  from  the 
ceratohyaly  and  is  inserted  into  the  back  part  of  the  dentary,  near 
the  symphysis.  Cuvier  deems  it  the  homologue  of  the  gemohy- 
oideus.  Above  the  insertions  of  the  geniohyoid  pair  is  a  muscte, 
the  intermandibuianM,  fig.  135,  si,  which  passes  transversely  from 
one  dentary  to  the  other,  approximating  the  halves  of  the  man- 
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dible  afler  tbey  may  have  been  divaricated.  The  latter  movement 
depends  upon  the  drawing  upward  and  outward  of  the  tympanic 
pedicle.  This  action  is  performed  chiefly  by  the  muscle,  levator 
tympartiy  figs.  134  and  137,  24,  which  arises  from  the  postfrontal 
and  expands  to  be  inserted  into  the  epi-  and  pre-tympanics  and 
into  the  cctopterygoid.  In  raising  or  drawing  outward  the  tym- 
panic pedicle  and  attached  part  of  the  pterygoid,  this  muAcle  tends 
to  dilate  the  branchial  cavity  and  the  back  part  of  the  mouth.  It 
is  antagonised  by  the  nnueley  depressor  tympaniy  fig.  136,  22,  22, 
which  arises  from  the  basi-  and  ali-ephenoids,  and  expands  with 
diverging  fibres  to  be  inserted  into  the  epi-  and  pre-tympanics  and 
into  tibe  entopterygoid.  It  depresses  the  tympanic,  or  approzimates 
it  to  the  opposite  pedide,  and  contracts  the  branchial  cavity. 

The  movements  of  the  operonkr  appendage  are  like  those  of  its 
supporting  arch,  and  are  performed  by  muscles  placed  behind 
those  of  that  arch.  The  levator  operculij  figs.  134  and  136,  25, 
arises  from  the  ma.>^toid  crest,  and  is  inserted  into  the  upper  and 
outer  part  of  the  opercular  bone.    The  depressor  opercuU,  fig.  136j 
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26,  arises  from  the  allsphenoid  and  petrosal,  and  is  inserted  Into 
^lie  inner  ridge  of  the  opercular  bone.  The  retractor  hyoidei^ 
fig*  137,  1  d,  fig.  135,  c,  c,  extends  from  the  coracoid  to  the  uro- 
^d  basi-hyals^  but  is  chiefly  implanted  into  the  sides  of  the 
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former,  and  becomes  through  the  medima  of  27,  »  retractor  of  the 
mandible.  When  the  retractor  hyoidei  relaxes  and  the  mandible 
is  the  fixed  point,  the  genio-hyoidei,  fig.  135,  27,  become  pro- 
tractors of  the  hyoid  arch.  In  some  fishes  a  transverse  muscle, 
repeating  the  characters  of  21,  fig.  135,  passes  from  one  ceratoliyal 
to  the  other.  The  branchiostcgal  a[)pentlage  has  muscles  for  rais- 
ing and  depressing,  divaricating  and  approximating  the  rays.  The 
levator  hrauc/nostef/orum,  figs.  135  and  136,  28,  arises  from  the 
inner  surface  of  the  hinder  hall"  of  tlie  operculai-  bone  and  from 
a  contiguous  part  of  the  subopercular,  and  is  continued  &om  ray 
to  ray  to  the  lowest,  being  loosely  attached  to  their  inner  surface. 
It  forms  a  kind  of  muscular  capsule  of  the  branchial  chamber. 
The  depre$$or  branchiostefforum,  fig.  135,  d,  arises  from  the  lower 
end  of  the  ceratohyal  and  passes  obliquely  backward,  crossing 
its  fellow,  to  be  inserted  into  the  inferior  branchiostegal  ray. 
These  muscles  regulate  the  capacity  of  the  branchial  chamber. 
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and  mainly  act  upon  the  water  it  contains :  they  show  aoooid* 
ingly  much  diversity,  especially  28,  in  relation  to  the  respiratory 
chanusteristics  and  connected  peculiarities  in  different  fishes.  In 
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the  Anfjier  (  f.i)]Juus)  the  levator  is  enormong,  forminjx  the  wall 
of  the  capac'nms  reservoir  on  each  side  and  lyehind  the  gills,  and 
luiitmjj  extensively  with  its  follow  at  and  hcvond  the  urohval : 
each  long  branchiostegal  ray  has»  likewise,  its  peculiar  muscles, 
originating  from  the  supporting  arch.  In  the  AnguillidcB  the 
iBthmal  union  or  raph^  of  the  levatores  reaches  froia  the  baei- 
and  uro-hyals  to  the  coraooid. 

The  branchial  arches  are  supplied  with  muscles  attaching  them 
to  smrounding  parts,  or  passing  itom  one  part  to  another  of  the 
sieh  itself* 

The  hranehi-lemtores,  fig.  137,  3,  arise  from  the  alisphenoid'and 
divide  into  four  fasciculi,  respectively  inserted  into  the  eplbran- 
chial  of  its  own  arch.  The  maatih-brancJiidUs,  ib.  ar),  arises  from 
the  extremity  of  the  mastoid,  and  divides  into  two  fasciculi,  one 
inserted  into  the  fourth  epihrancliial,  the  other  into  the  third 
pharyngobranclual  and  the  contiguous  part  of  the  pliaryux. 

The  branchi-retractoreM  consist  of  two  fasciculi,  one  superior, 
fig,  137,  37,  which  arises  from  the  upper  half  of  the  coraooid, 
passing  horizontally  to  its  insertion:  the  other  inferior,  ib.  82, 
pttsing  from  the  lower  part  of  the  coraooid  obliquely  upward : 
they  retract  and  partly  depress  the  branchial  arches. 

The  hranchu'i^restor,  fig.  137,  85,  arises  from  the  basihyal  and 
•scends  obliquely  backward  to  its  insertion  into  the  cerato- 
hianchials :  it  is  the  more  direct  antagonist  of  the  levatores. 

The  protractor  snrpulcr,  fig.  134,  c,  arises  from  the  back  part  of 
^e  mas  to- parietal  ridge,  and  is  inserted  into  the  coarticulated 
parts  of  tho  suprascapula  and  scaj)ula.  The  middle  portion  of  the 
great  lateral  mtiscle,  ib.  y,  //,  seri  es,  by  its  insortion,  as  a  refractor 
^copul(B,  The  corresponding  insertion  of  the  lower  portion  of  the 
^rcut  muscle  into  the  coracoid  retracts  that  part  of  the  scapulo- 
coracoid  arch,  and  is  so  modified  as  to  haTe  received  the  name 
'^'^coraeoideut,  ib.  fig.  131,/ 
The  muscles  of  the  pectoral  fin  form  a  pair,  in  two  layers,  on 
the  outer  and  inner  sides  of  its  antibrachio-carpal  bsae:  and 
the  fibres  of  one  layer  run  obliquely  in  a  different  direction  from 
those  of  the  other  layer  in  both  pairs  of  muscles.  The  outer  pair 
•bdncts  or  protracts  the  fin,  the  inner  pair  adducts  or  retracts  it, 
■Weeping  it  back  into  contact  with  the  Hunk  :  the  first  movenieut 
^^fn^it  be  called  'extcnsitm,*  the  second,  '  flexion.*  The  superficial 
abductor,  fig.  134,  I4,  arises  from  the  upper  and  outer  ])art  of  the 
coraooid  ;  it  tends  to  elevate  as  well  as  extend  the  ])ectoral :  the 
deep  abductor,  fig.  137,  15,  comes  from  the  outer  border  of  the 
lower  part  of  the  coracoid;  it  depresses  as  well  as  extends  the  fin. 
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The  luwcr  |»orti(miR  of  botli  iiuisclcs  are  sliown  in  ti^.  135,  14,  15. 
or  the  inner  pair  oi*  iuum'1<'>,  a  porli4>n  of  thu  iU'cjht  laver,  <li?- 
j)Oj?c(l  so  as  to  raise  as  well  a«  ackhict  the  jK  ctoral  hn,  is  ^lifuvn  at 
le^fig.  137.  Each  muscle  is  inserted  into  the  bases  of  the  tin-rays, 
rcBoIving  itself  into  fiisciculi  and  short  tendons  oorrespondinrr  in 
number  with  those  rays :  by  difierent  oombinatioiis  of  action  theae 
fasciculi  divaricate  or  a{)proxiniate  tlie  rays. 

The  ischial  basis  of  the  ventral  fins  in  abdominal  fisiies  may  be 
moved  a  little  forward  or  backward  by  the  action  of  the  *  inhm^ 
carinales'  according  as  they  lie  in  £ront  or  behind  the  pelvis. 
The  latter,  *  retractor  tfcAitV  fig.  131,  tr,  pass  backward  to  the 
vent>  inclose  it,  and  are  continued  to  ^e  base  of  the  anal  fin.  The 
protractor  ischii\  fip  135,  18,  |>asses  forward  to  be  attached  to  the 
lower  end  of  the  curacoid.  Tiie  protractors  are  short  in  thoracic 
fishes,  e.  g.,  the  Perch,  and  less  distinct  from  the  lower  parts  of 
the  myocommas  than  in  ventral  fishes,  e.  g.,  the  Salmon.  In 
fishes,  e.  p:.,  the  Lophlus,  wIumc  the  ischia  arc  wide  apart,  there 
is  a  transverse  muscle  to  draw  them  togetlier,  and  antnjxoniso 
tlic  i>ortion8  of  the  side  muscles  that  tend  to  draw  them  further 
apart.  The  muscles  which  act  upon  the  ventral  rays,  like  thoee 
of  the  pectoral  ones,  form  a  pair,  or  two  layers  of  slightly  deeus- 
satiiiL'  fibres,  on  botli  the  outer  and  inner  sides  of  the  base  of  the 
fin.  The  outer  or  inferior  muscles,  fig.  135,  16,  17,  depress  or 
extend  the  ventral  fins ;  the  opposite  muscles  raise  or  flex  tfaero« 
The  portion  of  the  deeper  depressor  shown  at  17,  fig.  135,  serves 
to  expand  or  dilate  the  ventnds. 

The  movements  of  the  rays  of  the  median  fins  are  effected 
by  three  or  four  pairs  of  small  mnscles  attached  to  each  ray. 
The  superficial  ones,  fig.  131,  x,  arising  from  the  skin,  are 
inserted  into  the  sides  of  the  base  of  the  dermoneuial  or  deniio- 
h«?mal  spine.  The  deep  ones,  il».  //,  arise  from  the  interneural 
t)r  interluemal  spine,  and  are  inserted  into  the  base  of  the 
dermuueural  or  dernioha^nial  spine:  the  anterior  ol'  these,  fiir. 
1,37,  n,  erects  the  spine  ;  the  posterior,  ib.  4,  depresses  it.  The 
myocommas  answering  to  the  neural  and  haemal  spines  of  the 
coalesced  or  suppressed  centres  of  the  terminal  caudal  vertebrae, 
change  their  direction  like  those  spines,  slightly  diverging  from 
the  axis  of  the  trunk  to  be  inserted  into  them :  these  modified  ter^ 
minal  segments,  by  their  connection  with  the  interlocked  myo- 
commas of  the  great  lateral  masses,  concentrate  the  chief  force 
of  those  muscles  upon  the  caudal  fin.  The  rays  of  this  im- 
portant fin  are  moved  by  tiiree  series  of  muscles,  the  one  super- 
ficial, the  second  deepnseated,  the  third  interspinous.  The 
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siiiiLilioial  muscle,  arisins^  from  the  terminal  aponeurobis  of  the 
'lutcral  iiHi5iele/  txj  aiHls  and  8e|>arates  fan-wise,  fig.  131,  2,  to  its 
iti-c  j  lion  into  the  l>a.-es  of  the  caudal  rayn.  The  deeper-seated 
fascicles  are  exj)08ed  by  the  removal  of  the  forcf^oinn;  and  their 
aponeurotic  origin,  and  arise  I'roni  the  coalesced  terminal  centrums 
of  the  caudal  vertebrae^  to  be  inserted  further  from  the  basal  joints 
of  the  rays,  and  more  advantan;coiisly  for  effecting  the  movements 
which  alter  the  spread  of  the  tail-fin.  Slender  longitudinal  mus- 
cles, suproF^arinaleSf  extend  along  the  mid-line  of  the  back  from 
the  occiput  to  the  first  dorsal,  and  along  the  interspaces  of  the 
dorsal  fins  in  the  Cod  :  similar  muscles,  fig.  131^  extend  from 
the  last  dorsal  to  the  caudal  fin  in  the  Perch ;  and  infrorcari' 
mdes,  ib.  v,  extend  from  the  anal  to  the  caudal  along  the  keel  of 
the  tail.  In  the  G  \  iiinotuts  tlie  supra-carinales  f(n*m  a  single  pair, 
which  extends  from  the  oeeiput  to  the  end  of  the  tail.  The  modi- 
fied cranio-ilcrmal  spines,  wlueh  constitute  the  oval  sucking-disc 
of  the  Remora,  have  a  complex  series  of  minute  muscles,  which 
raise  or  depress  the  transverse  lattice-work  ;  and  thus  betome  the 
means  of  giving  the  little  feeble  fish  all  the  advantage  of  the  rapid 
course  of  the  whale  or  the  ship  to  which  it  may  have  attached 
itself.  The  muscular  and  membranous  webs  of  the  coalesced  pec- 
torals and  ventrals  of  the  Lump-fish,  form  a  sucker  on  the  oppo- 
aite  surftce  of  the  body,  by  which  it  may  safelj  anchor  itself  to  the 
rock,  in  the  midst  of  the  turbulent  surf  or  storm-tossed  breaker* 

There  are  many  modifications  of  the  muscular  system  in  the 
orders  at  the  two  extremes  of  the  class. 

The  segmental  disi)osition  of  the  muscular  masses  is  most 
simple,  most  distinct,  most  like  the  annulose  type,  in  the  Cyclo- 
i^fomi :  yet  it  is  cousideral>ly  specialised  fur  the  due  working  of 
til-'  Mit  iorial  apparatus.  In  the  Lamprey,  fig.  A\y~-  are  con- 
tinued or  derived  from  the  anterior  j)art  of  the  myoconnnas,  for 
drawing  back,  bending  in  diti'erent  directions,  and  expanding  the 
moath.  Of  these,  the  superior,  is  inserted  into  the  cartilage, 
fig.  24,  20;  raises  and  fixes  it,  giving  a  fulcrum  and  favourable 
direction  for  the  muscle,  fig.  138,  b,  which  directly  retracts  and 
nises  the  sucker,  a:  the  inferior  slip,/,  is  inserted  into  the  pro- 
cess, fig.  24,  ^,  and  into  the  lower  border  of  the  gristly  base  of  the 
sucker,  ib.  sa :  it  retracts  and  depresses  the  sucker.  An  interme- 
^te  lateral  slip,  inserted  a  little  higher  upon  the  maigin  of  7,  fig. 
24,  retracts  ami  draws  outward  the  sucker.  All  these  retractors, 
co-operating,  serve  to  expand  the  sucker;  nr,  if  duly  aniagonised 
hy  the  s J >/u'/tr ft' r  oris,  ])ull  hack  the  object  seized  \>y  the  sucker,  or 
the  body  of  the  iish  towards  it,  according  to  the  fixed  point. 
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Shorter  muscles  arise,  above,  from  the  cranial  cartilatje,  fig.  24,  dy 
and  below,  from  tbe  byoid  cartilage,  to  act  u{)ou  parts  oi'the  sucker ; 
the  latter,  r/,  A,  diverj^e  to  their  insertions.  Part  of  the  deep- 
seated  longitudinal  f.r/xmsor  oris,  more  directly  antagouising  the 
circular  sphincter  or/.v,  a,  is  seen  at  m,  fig.  136. 

DetailB  of  the  myology  of  the  Myxinoids  with  a  comparison  of 
the  muscular  system  of  Fishes  with  that  of  higher  Vertebrates,  will 
be  found  in  xxi.  pp.  179-249. 

In  the  Trunk-fish  (  Ostracian)  flexion  of  the  trunk  is  abrogated 

by  case  of  ganoid  annour,  fig.  16, 
dn,  dhp  inclosing  the  body,  and  which 
leaves  only  the  jaws  and  fins  free. 
The  myocommas  are  accodUngly  re- 
duced to  a  thin  layer  of  longitudinal 
fibres,  modified  posteriorly  for  inser- 
tion into  the  moveable  part  of  the 
tail  and  its  fin. 

In  another  pleetognatli,  the  odd- 
shaped  Sun-fish  ( Orthaf/orlsrns)  tbe 
muscles  of  the  continuous  vertical  fins 
take  the  place  of  the  ordinary  myocom- 
mas: those  of  the  lofty  dorsal  com- 
mencing behind  the  occiput;  those  of  the  deep  anal  behind  the 
short  abdomen :  the  dernumeureUes  arise  from  the  integument, 
especiaUy  the  fibrous  septum  of  the  lateral  line ;  the  deeper-seated 
hUemeuraht  from  the  neural  and  intemeural  spines,  l^h  series 
is  more  or  less  blended  together,  conformably  with  the  degree  of 
confluence  of  the  intemeurals,  \\\)on  the  expanded  ends  of  which 
the  spines  of  tbe  dorsal  fin  move  as  one  body,  tbe  anal  fin  having 
a  similar  structure.  Nevertbeless,  towards  their  insertion,  tbe 
fasciculi  of  tbe  fin-rays  become,  like  them,  distinct ;  each  one 
behind  beiufr  sbeutbed  bv  tbe  one  in  front,  and  their  bmt;  tendons 
passing  through  lubricated  grooves  or  sbcatbs  to  their  insertions. 
On  the  sides  of  the  abdomen  the  muscles  are  reduced  to  two  fas- 
dculi,  expanding,  the  one  from  the  clavicle,  the  other  frmn  the 
ooracoid,  upon  the  peritoneum.* 

Amoi^t  the  FlaffioHomif  the  Sharks  are  the  most  active  and 
powerfrd,  and  in  them  the  muscular  system  is  most  developed,  and 
in  certain  parts  most  specialised.  The  more  acute  angles  formed 
by  the  intermyocommid  septa  have  already  been  notic^,  fig.  132. 
A  fiisciculus  continued  from  the  upper  portion  is  inserted,  by  a 
strong  aponeurosis  into  the  upper  part  of  the  cranium,  ib.  o,  a. 

'  ZLV1.  and  czovn. 
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The  muscles  of  the  jaws  are  yery  powerful,  as  might  be  expected 
in  these  fierce  and  predatory  fishes.    One,  analogous  to  the  *  tem- 
poral,* fig.  132,  m,  arises  ^m  the  lateral  and  poeterior  ridge  of 
the  cnmimD,  and  its  fibres  converge  as  they  pass  obliquely  down- 
ward and  forward  to  their  insertion  into  the  mandible.    They  are 
covered  in  great  part  by  the  stronger  muscle  ib.    analogous  to 
the  '  masseter,'  which  arises        the  under  part  of  the  postfrontal 
ridge,  passes  over  the  maxillo-mandibular  joint,  as  over  a  pulley, 
and  expands  to  its  insertion  in  the  lower  side  and  ridge  of  the 
hinder  two-thirds  of  the  uiau(lil)le.    Smaller  nuisclcs,  *  maxillo^ 
mandibulareSf  ib.  ^,  pass  from  the  up|)er  to  the  lower  jaw,  and 
directly  close  the  mouth.     The  openers  are  chiefly  the  mus- 
cles, p,   which  have  their  chief   fulcrum  in  the  coracoids, 
and  expand  to  be  inserted  into  the  symphysis  mandibular. 
The  gill-apertures  are  contracted  by  the  muscles,     7,  and  di- 
lated by  others  passing  obliquely  firom  above  to  their  firont  boun- 
daries. The  mnseolar  invest- 
ment of  the  branchial  chamber 
of  the  Torpedo  fig.  139,  r,  re- 
cdves  a  fiisciculus  fiom  the 
Bcapula,  and  sends  another, 
ib.  o,  forwards  to  the  cra- 
nium, from  which  the  con- 
strictor of  the  electric  bat- 
tery, K,  is  continued.  The 
]>rotr  actor    scapulcB    in  the 
Skate  and  Torpedo  is  of  con- 
siderable  length,  in  conse- 
quence of  the  backward  dis- 
placement of  the  scapular 
lurch,  and  is  of  great  strength, 
Vy  reason  of  the  enormous 
pectoral    appendage  which 
Ae  arch  sustains.  The  myo- 
COmmas  of  the   trunk  are 
ftised  into  fourjn'eat  lonf{itu- 
<linal   masses.     The  neuro^ 
medial  mass,    fig.    1.39,  fl, 
arises  from  the  sca]>ula,  s,  and  by  strong  cameous  fasciculi 
from  the  vertebrae  behind  the  scapular  attachment:  above  the 
pelvis  they  divide  into  tendinous  slips,  which  pass  backward 
in  separate  sheaths,  to  be  successively  inserted  into  each  vertebra 
as  fiu*  as  the  end  of  the  taiL   The  neurthkUeral  mass  or  muscle. 
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ib.  c,  arising  from  the  outer  part  of  the  scapula  and  froni  tlic 
parapophyses  of  succeeding  vertebrsBi  is  inserted  by  similarlj 
di^pus^,  but  more  slender  tendons.  At  ibeir  termination,  each 
tendon  bifurcates,  allowing  that  appropriated  to  the  succeeding 
vertebra  to  pass  through  it,  so  that  all,  save  llie  last,  are  both 
perforati  and  perforantes.  The  protractor  8capnl<B,  ib,  t,  be- 
comes, when  antagonised  by  the  two  toro«^uing  muscles,  the 
chief  elevator  of  the  head.  Of  the  two  muscles  of  the  ros- 
trum in  the  Kay,  the  sujierior,  levator  rostri^  arises  from  tlie 
scapula  by  a  short  fleshy  ho]]v  ending  in  a  sIciuUt  round  tcTidoii 
which  runs  above  the  brancluaj  in  a  synovial  sheath  to  the  rostral 
cartilage,  which  it  serves  to  raise :  the  inferior,  depressor  rostri, 
arises  from  the  lower  part  of  the  coalesced  anterior  vertebrae,  runs 
obliquely  outward,  and  then  curves  inward  to  its  insertion  into  the 
loiter  part  of  the  base  of  the  rostrum.  The  muscles  of  the  jaws 
in  the  Rays  include,  with  maxillo-mandSMaret^  those  answering 
to  /  and  m  in  the  Shark,  fig.  132.  The  depressor  tnand&uU  is  a 
large  oblong  mass  of  parallel  longitudinal  fibres,  arising  from  the 
lower  (coracoid)  part  of  the  scapular  cincture,  and  passing  forward 
to  be  inserted  into  the  mid  |)art  of  the  mandible.  Two  small  mus- 
cles, one  on  eaeli  .^ide,  c<)ntnl>ute  to  depress  the  mandible:  they 
are  attached  in  front  near  the  connnissure  of  the  Hps,  and,  running 
inward,  almost  cross  each  other  beneath  the  great  depressor.  A 
tlilrd  musele  has  it«  fibres  remarkably  interlaced,  but  divisible  into 
three  chief  fascicles,  two  of  which  arc  anterior  and  one  posterior  : 
this  is  derived  from  the  end  of  the  upper  jaw  and  joins  the  hinder 
margin  of  the  second  mass.  The  first  portion  is  situated  in  front 
and  above  the  maxilla,  near  its  commissure,  and  runs  obliquely  to 
join  the  outer  edge  of  the  second  &8cicle :  all  co-operate  in  firmly 
closing  the  mouth.  The  protractor  oris  forms  a  pair  of  long  and 
slender  muscles  passing  firom  the  rostrum  between  the  cranial  base 
and  the  palate  to  be  inserted  into  the  maarilla.  The  muscles  of 
the  Tast  pectoral  fins  form  two  thick  fleshy  layers,  coverinir  its  car- 
tilages above,  fig.  139,  and  below,  and  dividing  into  as  many 
fasciculi  as  there  are  fin-rays,  into  which  tliey  are  insei-ted.  A 
similar  arrangement  obtains  in  the  muscles  of  the  ventral  fins,  ib.  r. 

The  muscles,  in  Fishes,  of  the  eye-ball,  the  air-bladder,  and  of 
some  other  sx>ecial  organs,  will  bo  described  with  the  parts  they 
move. 

The  muscular  tissue  (myonine)  of  fishes  is  usually  colourless, 
often  opaline,  or  yellowish ;  white  when  boiled :  the  muscles  of 
the  pectoral  fins  of  the  Sturgeon  and  Shark  are,  however,  deeper 
coloured  than  the  others ;  and  most  of  the  muscles  of  the  Tunny 
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are  red,  like  those  of  the  warm-blooded  clnsnes.  Hic  want  of 
colour  relates  to  the  comparatively  smali  j)i«ii)onir>n  of  red  Idood 
circulateil  throii<^h  the  muscular  sybtcniJ  and  iIh-  smaller  |»n)|H>r- 
t ion  of  red-partlclc8  in  the  Idood  of  fi>he.s:  the  c'xci'j)tl()n.s  cit«^d 
i-uem  to  (U'])end  on  inereast'd  circulation  with  great  energy  oi* 
action  ;  and,  in  the  Bonito  and  Tunny,  with  a  greater  quantity  of 
hioodand  a  higher  temperature*  than  in  Other  fishes.  The  deep 
orange  colour  of  the  flesh  of  the  Salmon  and  Char  depends  on  a 
peculiar  oil  difiiised  through  the  cellular  sheatfaa  of  the  fibres. 
The  muflcular  fasciculi  of  Fishes  are  usually  short  and  umple : 
and  very  rarely  conveige  to  be  inserted  by  tendinous  chords.'  The 
proportion  of  myonine  la  greater  in  Fishes  than  in  other  Verte- 
brata;  the  irritability  of  its  fibres  is  considerable,  and  is  long  re- 
tained. FLslieruieii  take  advantage  of  tiii^j  property,  aud  induce 
rigid  muscular  contraction,  long  after  the  usual  signs  of  life  have 
disappeared,  by  transverse  cuts  and  immersion  of  tlie  muscles  in 
cold  water :  this  operation,  by  which  tlic  finnness  and  specific 
gravity  of  the  muscular  tissue  are  increased,  is  called  *  crimping.* 

$  47.  Myology  of  JUptiles. —  The  myonine  of  the  air-breathing 
Hacmatocr^'a  is  always  pale  in  colour,  and  the  fibres  are  tenacious 
of  their  irritability :  the  energy  of  the  muscular  contraction  is  in 
some  instancesy  and  on  some  occasions,  great;  but  cannot  be  ex-' 
cited  in  frequent  succession,  such  power  being  soon  exhausted. 

In  the  ichthyomorpbous  Batrachia  the  recent  myonine  presents 
a  pearly  clearness,  as  in  some  fishes,  and  the  chief  bulk  of  the 
tissue  is  arranged  in  transverse  seij^nieiitd,  of  which,  however,  the 
])rotrress  of  massing  into  longitudinal  groups  is  greater  than  in  the 
Sluu  ks.  In  the  Salamander,  figs.  140,  141,  the  neural  or  n[)[)er 
halvcH  of  the  niyoconnnas,  separated  at  the  midline  of  the  hack  l)y 
a  furrow  lodging  cutaneous  follicles,  have  a  tendency  to  group 
themselves  into  distinct  longitudinal  tracts,  as  they  advance  for* 
ward :  just  as  their  homologue  —  the  common  *  erector  splnae '  in 
man  —  subdivides  into  the  longitudinal  masses  called  'saero-lum- 
baUs,'  <  longissimns  dorsi,'  and  '  spinalis  dorsi/  &c.,  in  its  corres- 
ponding course.  The  median  portion,  fig.  140, 5  a,  in  Sahmandray 
^presenting  the  spinalis  dorsi  in  the  trunk,  has  its  anterior 
insertions  in  the  neural  arches  and  spines  of  the  cervical  and  occt«> 
pital  vertebra; ;  and  there  answers  to  the  *  spinalis '  and  *  semispi- 
nalis '  colli,  and  to  the  *  biventer  cervicis  '  and  '  complexus.'  The 
lateral  portioiu  answering  to  the  lonqiss/f/iuji  dorsi  and  sacnt-lntn- 
^<ilis  in  the  trunk,  represeut^s,  by  its  insertions,  the  '  transversalis 
^Ui '  and  trachelo-mastoideus,  fig.  140, 5,  in  the  neck.    The  hu;mal 

■  XLVUi.  pii.  4,  16.  *  i»  '  xT.ix.  pw  3. 
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or  lower  half  of  the  myocommas  in  the 

trunk,  fig.  140,  6,  has  been  held  to  represent 
the  ohlif^tfus  rxfer/ius  abdominis  ;  but,  as  it 
is  segmented  by  aponeurotic  prolongjitions  of 
the  short  pleura|X)physe8,  both  in  the  abdo- 
minal and  caudal  regions,  it  is  more  like  a 
series  of  interoostala.  The  broad,  thin,  car- 
neotendinoiia  aheeta,  called  '  external  *  and 
'  internal  oblique  *  muBclea  in  Mammala,  hav- 
ing thdurfibrea  running  in  oppoeite  directions, 
may,  indeed,  be  referred  to  the  same  system 
?  of  segmental  tmnk-mnsdes ;  but  this  grade 
of  differentiation  is  not  reached  in  Fishes 
and  fisli-Hke  Batrachians.  The  medial  \)SLrts 
of  the  lia'iiial  nu'ocommas  arc  more  distinct, 
and  sliow  more  of  the  cliaracter  of  a  lonjn- 
tiidinal  muscle  with  tendinous  intersections, 
like  the  *  lineae  trausversae '  of  the  human 
*  rectus  abdominis and  this  muscle  is  one 
of  the  determinable  homologues  of  a  recog- 
nisable tract  of  the  myocommas  of  the  fish 
and  newt.  In  the  Salamander,  however, 
the  tract,  fig.  141,  8,  is  as  superficial  as  that 
part  of  the  sheath  of  the  'rectus  abdominis' 
in  Mammals ;  and  it  forms  a  corresponding 
]):irt  of  the  sheath  of  a  deeper-seated  longi- 
tud'nial  muscle,  fig.  141,  r.  Both  7  and  8 
are  specialisations  of  the  lowest  ha?m.al  jK)r- 
tions  of  the  myocommas:  they  are  anteriorly 
resolved,  or  continued,  as  in  Fishes,  into 
muscles  acting  upon  the  scapular,  hyoidean, 
and  mandibular  arches.    The  puboh^ddau, 

7,  arises  firom  the  pubis  and  outer  part  of 
the  gristly  hiemapophysis,  or  T-shi^ied 
cartilage,  fig.  113,  di  it  runs  formrd 
in  a  sheath,  analogous  to  that  formed 
by  the  aponeurosis  of  the  external  and  in- 
ternal ol)li(iiue  muscles  of  Mammals,  and  is 
inserted  into  the  coratohval.    The  muscle, 

8,  called  rrrfits  ahdotninis,  by  Funk,'  has  its 
attachment  to  the  pubis  through  the  medium 
of  the  Y-shaped  cartilage,  which  represents 
the  marsupial  bones  and  tendinous  '  pillars 
of  the  abdominal  ring '  in  Mammals :  it  is 
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tftsched  anteriorly  in  part  to  the  trianpcular  short  sterniiin,  ex- 
tending beyond  it  to  the  transverse  part  of  the  episternum,  and 
is  Aence  eontiuued  (as  iu  lig.  135,  27),  to  the  symphysis  mandi- 
bula%  r(  presenting  the  gemohjfcideus,  A  small  ^eisciculuSj  fig.  141, 
10,    aido  sent  to  the  coraco-scapular  joint. 

The  upper  jaw  is  fixed.  The  miucle  which,  by  its  insertion 
into  the  lower  jftw«  acts  as  a  temporalis,  is  diyided  into  two 
fiudlciili ;  one,  fig.  140,  a,  has  the  normal  ori^  from  fhe  side  of  the 
cnnium ;  the  other,  ib.  atlantO'^nandibulariMf  acts  with  greater 
foice  bj  deriving  its  origin  from  the  neural  arch  and  spine  t>f  the 
stias.  The  maxsetfry  ib.  3,  arises  from  the  mastoid  and  epitym- 
panic,  and  is  inserted  into  the  outer  surface  of  the  liinder  half  of 
the  niuiulible.  The  occipito-ut(iu(ll!>i/l,! ris^  or  diyustricus^  ib.  4, 
«uiaes  from  the  paroccipitid  and  back  part  of  the  e|>itvm]);niic, 
and  is  inserted  into  the  an^rnhxr  element  beliind  the  tympano- 
mandibular  joint  whereby  it  opens  the  mouth.  In  this  action  it 
is  aided  by  the  strip,  ib.  is,  which  passes  from  the  angle  of  the 
jaw  upward  to  the  skin.  Some  amount  of  lateral  movement  of 
the  mandible  is  efieeted  by  a  pterygoid  muscle.  The  retraction  of 
the  mandible  is  provided  bj  the  muscle,  ib.  19,  although  it  seems 
lost  in  the  akin,  as  it  passes  backward  from  the  angular  process. 
A  mi/lohifoideusy  fig.  141,  ii,  passes  from  one  ramus  to  the  other, 
eztenial  to  the  geniohyoideus^  ib.  s/,  and  to  the  following 
ninscles  of  the  hyoid  arch.  The  f/cnio-ceratoideiis,  ib.  14,  arises 
from  near  the  symphysis  niandibuUe,  and  is  inserted  into  the  cera- 
tohyal.  The  ht/obranchiaiis,  ih.  i5,  passes  from  the  base  of  the 
ceratohyal  to  the  hyj^brnnchial  cornu. 

With  the  growth  and  specialisation  of  the  segments  of  the 
hmbs  the  muscles  l)ecame  larger,  more  numerous,  and  more  dis- 
tinct. The  pectoralis,  fig.  141, 1 6a,  1 6,  has  its  origin  extended  from 
the  fore  part  of  the  ooracoid  and  episternum  to  the  linca  alba,  or 
aponeurotic  continuation  of  the  sternum,  half  an  inch  beyond  the 
Micoid ;  the  fibres  converge  to  iheir  insertion  into  the  pectoral 
ridge  of  the  humerus ;  but  so  that  the  coracoid  portion  is  almost 
a  distinct  muscle.  This  muscle  suspends  the  fore  part  of  the 
tnmk  upon  the  fore-legs,  and  besides  depressing  the  humerus, 
rotates  it  in  thu  ])l;ine  of  the  body's  axis  as  diflferent  portions  of 
the  muscle  come  into  action. 

A  iiuiscle,  fiir.  140,  II,  arising  from  scattered  fibreis  by  a  hmcn- 
t^ulinal  tmci  of  the  aponeuro^Jis,  coverinjj^  the  Innf/i'ftsimux  and 
spinalis  darsiy  collects  those  fibres  and  contracts  as  it  descends 
over  the  hind  part  of  the  scapula  to  be  inserted  into  the  back  part 
of  the  pectoral  ridge.    An  anterior  part,  ib.  22,  of  the  same 
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systeiii  of  converging  fibres 
takes    its    origin    from  the 
scapula  itself,  and  converges 
to  an  insertion  close  to  that 
of  the  preceding.  The  entire 
maas  of  the  muscles  sa  and 
11  antagonise  that»  ib,  isa, 
below ;  one  raises,  the  other 
depresses,  and  both  rotate, 
the  humerus  to  and  fio.  As 
the  fore-limb  gains  size  and 
power  in  higher  air'-breathers, 
the  muscle  ii  seeks  a  more 
extended    orijrin,    covers  a 
greater  proportion  of  the  scpr- 
mental    system   of  trunk- 
mnscles,  acquires  the  name 
of  latissimus  dorsi,  and,  in 
Anthropotomy,    is  classed 
amongst  the  *  first  layer  of 
the  museles  of  the  back.'  The 
muscle  S3,  becomes  deve- 
loped  into  *  tupra^ '  and  '  m- 
Jra-^pmatus!  and,  perhaps, 
also  delteHdes.      The  pro^ 
tractor  scapula*,  arisinjr,  as  in 
Fit*hes,  from  the  ]>aroccl]utal, 
now  also  derives  fibres  from 
the  transverse  |>rocesses  of  the 
first  and  second  trunk-verte- 
bras, and  divides  into  two  dis- 
tinct £Ei8ciculi;  one,  fig.  140, 
19,  is  inserted  into  the  base 
of  the  scapula ;  the  other,  ib. 
so,  into  the  humeral  end  of 
that  bone.   A  small  strip,  is, 
which  tends  more  directly 
to  raise  the  scapula,  arises 
fecm  the  transverse  proces- 
Bcs  of  the  third  vertebra ;  but 
I  lie  muscle,  19,  is  ihai  vvliieh 
best  an&wcrs  to  the  levator 
scajjuiie  of  Mammals.  Two 
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strips  from  the  second  and  third  cervical  diajx  ]  1 1  x  ses,  inserted 
iuto  the  under  part  of  the  scapula,  imllcatc  the  ( <  •mineiu'cment  of 
the  scrrdtus  mayuus  (intintSy  fi^r,  141,  21.  Tiie  nuiss  of  muscle, 
figs.  140,  141,  23,  which  protracts  or  'flexes'  the  fore-arm,  aris- 
ing &om  the  fore  and  inner  part  of  the  glenoid  cavity  and  from 
the  fore  part  of  the  humeniB,  represents  the  bicep$  and  brachiedU 
wttmns.  The  retractor  or  extensor  mass,  ih.  24,  answers  to 
the  divisions  of  the  triceps.  On  the  antibrachium  the  flexor  of 
the  wrist  is  divided  into  a  'radial/  flg.  141,  ss,  and  *  ulnar/ 
fig.  140,  S6,  portion ;  as  is  likewise  the  extensor,  of  which,  27, 
fig.  141,  represents  the  extemar  carpi  uhutrtM,  and  98  the  extensor 
carpi  radiaUs:  99  is  tiie  flexor  dtffUorum  cammuniM^  and  do  the 
extensor  digitorum  communis. 

The  pectoi'alis,  fig.  141,  16,  is  represented  in  the  pelvic  limb 
hy  tlic  muscle,  ih.  .30,  which  arises  from  the  ischiopubic  sym- 
]'h}<i<,  and  is  inscrtc<l  into  the  front  and  inner  part  of  the 
head  of  the  tibia.  Tliis  inasf^  in  higher  reptiles  becomes  dif- 
terentiat^d  into  the  pectineus^  the  adductors^  and  the  gracilis ; 
it  depresses  and  adducts  the  pelvic  limb.  Its  chief  antagonist 
is  marked  ss  in  fig.  140.  It  rises  from  the  iHmn,  and  is  inserted 
into  the  lower  and  outer  part  of  the  femur,  and  also  into  the 
outer  part  of  the  head  of  the  tibia ;  it  corresponds  by  its  origin 
with  98  in  the  fore  limb,  and  becomes  developed  into  gluteus 
extemus  and  '  tensor  fascuB  femaris*  in  Mammals.  The  fasciculi 
which  correspond  with  11,  in  the  fore-limb  are  37  and  32,  fig.  140 ; 
they  arise  from  fascia  connected  with  the  transverse  processes  of 
the  third  ami  fourth  caudal  \ertebraj,  and  are  inserted  into  the 
middle  and  back  part  of  the  femur.  The  muscle,  31,  which  arises 
from  the  fore  part  of  the  ilium,  and  is  iiiiierted  into  the  upper 
ihinl  ot'  the  Iciiinr.  repeats  the  anterior  iihrcs  of  22  in  the  scapular 
limb.  The  chief  ditterence  is  that  the  protractors,  .31,  ami  retrac- 
tors, 32  and  37,  of  tlie  thigh  are  more  distinct  from  the  abductor 
and  levator,  36 ;  and  that  this  has  a  more  advantageous  insertion 
^or  its  office  by  being  extended  to  the  second  segment  of  the 
limb.  The  retractors,  39, 37,  act  like  the  latissimus  dorsi  11 :  their 
origin  is  in  connection  with  the  vertebral  or  axial  system :  they 
become  developed  in  the  pelvic  limb  of  higher  animals  into  parts 
of  the  *  glutei '  and  '  pyriformis.* 

The  protractors  or  flexors  of  the  thigh,  34,  35,  which  answer  to 
those  of  the  arm,  23,  arise  from  the  fore  and  under  part  of  the 
ilium,  and  are  inserted  into  the  fore  and  upper  end  of  the  tibia. 
The  muscle,  fig.  141,  35,  which  })asses  t<»  the  inner  side  of  the  head 
of  the  tibia,  answers  best  to  the  sarlonm ;  the  larger  mass  on  it^ 
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(»ut(M"  side,  34,  to  the  triceps  rjfensor  cruris,  and  more  esjiecially 
t*)  the  rectus  femoris,  as  havninr  its  chict  oritjcin  from  tlie  ilium ; 
whilst  its  tendon  expands  over  the  fore  part  of  the  knee  joint,  as 
that  of  ss  pluses  over  the  fore  part  of  the  elbow  joint;  and  both 
without  having  any  sesamoid  lever  developed  therein. 

The  retractors  or  extensors  of  the  thigh  and  ib.  ss»  answer- 
ing to  the  retractors  of  the  arm  and  fore-arm,  S4»  arise  from  the 
h^er  and  outer  part  of  the  ilinm,  and  are  inserted  partly  into  the 
femur,  partly  into  the  outer  part  of  the  head  of  the  tibia»  A 
muscle,  fig.  141,  38  (sacro-plantaris\  forming  part  of  this  system, 
has  a  special  extent  and  disposition,  favouring  the  effective  back- 
ward stroke  of  the  foot  in  swlmining:  it  arises  from  the  sacral  rib 
and  is  inserted  inii>  1  he  plantar  fascia.  It  is  a  *  flexor 'of  the  leg, 
like  the  '  biceps  flexor  cruris:'  it  is  an  '  extensor '  of  the  foot,  like 
the  *  plantaris.'  And  here  a  few  remarks  may  ho  offered  on  tlie 
terms  *  flexion '  and  *  extension,'  as  applied  to  the  '  fore-arm '  and 
'  leg '  in  higher  air-breathing  Vertebrates  and  in  Man. 

The  fore  and  hind  limbs  of  the  Salamander  are  figured  extended 
in  corresponding  positions,  in  fig.  140,  as  those  of  ihe  Plesiosaurus 
are  represented  in  fig.  45.  The  ulna  is  external  or  posterior  in  the 
arm,  the  fibuhi  in  the  leg.  If,  in  the  dead  newt,  ^e  fore-arm  be 
moved  upon  the  arm  to  and  fro,  in  the  direction  of  the  trunk's  axis, 
it  can  be  bent  at  an  angle  with  the  arm  either  way  ;  and  the  like 
would  most  probably  be  the  case  in  the  Plesiosaur:  there  is 
no  bony  configuration  of  the  elbow-joint  to  prevent  tliis  in  either 
reptile ;  only  the  ligaments  favour  the  forward  bend  more 
than  the  hinder  one,  in  the  batrachian.  In  the  hind  limb  the  leg 
can  be  bent  at  an  angle  witli  the  thigh,  both  forward  and  back- 
ward;  bnt  tlu'  li^anit'iits  (♦f  tlio  joint  offer  more  resistance  to  the 
forward  than  to  the  backward  bend.  As  we  ascend  the  verte- 
brate scale  in  the  comparison  of  limbs,  a  bone  of  the  fore-arm 
sends  a  process  across  the  back  part  of  the  elbow-joint  which 
fits  into  a  cavity  in  tlie  bone  above  the  joint  when  the  two  are 
brought  into  the  same  line ;  and  the  fore-arm  cannot  be  bent 
back  at  an  angle  with  the  arm  without  fracture  of  the  inter- 
locking bar  or '  olecranon/  In  the  leg  the  contrary  bend,  at  an 
angle  forward  upon  the  thigh,  is  prevented  by  configuration  of 
the  knee-joint,  with  interarticular  cartilages  and  ligaments. 

Thus  the  forward  bend  is  favoured  in  tlic  fore-limb  ;  the  back- 
ward bend  in  the  hind  limb. 

In  quadt  iipcds  the  limbs  are  habitually  retained  with  the  first 
and  second  segments  mure  or  less  bent  in  the  direeticms  favonred 
by  the  contiguration  of  the  elbow-joint  and  knee-joint  respeo- 


Diyitizeo  by  GoOgle 


MYOLOGY  OF  REPTIL£S. 


221 


lively,  to  wlueh  the  muscles  conform  in  relative  size  and  juKsi- 
tion.  These  oppusjite  bends  are  shown  in  the  skeleton  of  the 
Crocodile,  fig.  57. 

AVhen  the  IcgTi  66,  is  brought  forward  (protrack*] ),  wkU  nini:  the 
angle  between  it  and  the  thigh,  v,  and  when  the  fore-arm,  55,  ia 
brought  forward^  contractiiig  the  angle  between  it  and  the  arm, 
53j  the  motions  are  the  same,  or  homologous  in  both  limb<^.  But 
in  one  case  such  motion  is  called  *  flexion  ;*  in  the  other  <  exten- 
sion these  tenns  relating  not  to  the  absolute  line  or  direction  of 
motion  of  the  limb,  but  to  the  resulting  relative  position  of  one 
figment  of  the  limb  to  another.  The  protractor  muscles  draw- 
ing  forward  the  second  segment  of  the  limb  to  an  angle  with 
the  first,  are  called  'flexors;*  those  drawing  forward  the  second 
segment  from  an  angle  with  the  first,  are  called  *  extensors.'  The 
same  distinction  is  made  with  tlic  '  retractors,'  according  as,  in 
drawing  back  the  second  segment,  they  rotate  it  from  an  angle 
to  a  straight  line  with  the  first  segment,  or  from  a  straight  line  to 
an  angle.  Thus  the  liomoloirous  movements  are  signified  by  dif- 
ferent terms,  and  the  homotypy  of  the  muscles  lias  been  masked 
l)y  the  same  artificial  verbal  distinctions.  The  *  flexors '  of  the 
fore-arm  answer  to  the  *  extensors  *  of  the  leg  in  serial  homology. 
The  'biceps  flexor  cubiti/  with  the  Mjrachialis  anticus,'  is  the 
homotype  of  the  *  triceps  extensor  cruris,'  not  of  the  *  biceps  flexor 
cnuis  f  while  this  muscle^  with  the  semitendinosuSi  is  the  homot  jpe 
of  the  'triceps  extensor  cubiti.*  Much  of  the  difficulty  of  com- 
prehending ihe  true  serial  homology  of  the  parts  of  the  fore  and 
lund  limb  has  arisen  from  regarding  the  flexors  in  the  one  limb  to 
^  the  homo  types  of  the  flexors  of  the  other,  and  vice  versd.  The 
pertinacity  with  which  the  idea  of  the  patella  being  the  homot)  pe 
of  the  olecranon  is  maintained,  depends  in  a  great  degree  upon  the 
error  ot  .-.uj»posing  the  *  triceps  extensor  cubiti '  and  the  *  biceps 
extensor  cniris'  to  be  homotypes  or  serial  homologiies.* 

lieturuuiix  to  the  Newts,  wc  find  the  chief  retractor  or  extensor, 
fig.  141,  39,  of  the  foot  answering  to  the  retractors  or  flexors  of 
the  carpuSy  2d  and  26.  But,  as  regards  the  toes,  since  their  joints 
sre  BO  arranged  as  to  allow  them  to  be  most  easily  and  extensively 

'  Some  •natomifti  ■aramiiig  thii  to  be  a  matter  detarmiiittd  and  aii^oefttioiiable» 

>nake  it  the  basis  for  impogniilg  the  opinion  that  the  fMldIa  anfweni  lerially  to  the 

t«ndon  of  the  biceps  brnchii,  and  especially  to  the  sc'^finioid  somctimp?  (developed 
Iherctii.  »•  Unlea'^  wo  arc  entirely  to  tlisre<;jird  the  guidance  of  muscular  relations 
^  (IctcrmiDiog  bomuiogy,  wc  must  admit  that  the  ossicle  npon  the  olecranon  is  the 
kmotjrpe  of  tbe  pateUa,"  ftc.  clzzi.  p.  91,  and  clz.  poMMi.  The  mweolar 
concur  with  the  oaaeoiu  idationi  ia  ihowing  that  the  oericle  npon  the  oleefanon  is 
tlic  hooMtjpe  of  that  npon  the  peronecranon,  or  produced  Iiead  of  the  fibnia  in 
'^^rtain  manvpial  and  other  numunalfc  Olzl  pi.  1,  fig.  16. 
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moved  in  the  direction  of  '  retraction/ as  the  liinhs  hang  in  fi«^.  140, 
the  *flext>rs  '  of  tlic  fingers  liave  their  honiotyjjes  in  the  hind  limb 
called  *flex<»i  s  of  the  toes,*  and  tiie  niusieles  ejecting  tlie  oj*]n«site 
mcnenients  of  the  digits  are  termed  'extensors*  in  l)oth  tore  and 
hind  limbs.  The  muscle,  40,  arii>iug  from  the  fascia  of  the  knee, 
becomes  hy  \t&  insertion  the  extensor  longus  digitorum  pedis. 
The  mui^cle,  41,  is  the  ffmjr  hngus  dufitorum  pedis*  A  short 
extensor  arises  from  the  fore  part  of  the  tarsus;  its  tendons 
unite  with  those  of  the  long  extensor.  A  short  flexor  from  the 
opposite  side  of  the  tarsus  divides,  to  be  inserted  by  fleshy  fibres 
into  the  tendons  of  the  flexor  longns.  The  hallux  has  a  special 
extensor  and  abductor:  the  fifth  toe  has  also  an  abductcw:  these 
combining  in  action,  enlarge  the  breadth  of  the  foot 

In  the  higher  reptiles,  of  the  order  Crocodilia,  chiefly  affecting 
the  watery  element,  and  with  frame  and  limbs  proportioned 
for  natation,  the  primitive  segmental  structure  continues  to 
be  .shown  by  the  vertical  a])<)neuroses  passing  outward  from  each 
successive  vertebra,  especially  from  the  di-  and  pleur-af»opliy>cs : 
they  divide  the  mass  of  muscles  answering  to  the  caudai  myo- 
oommas  of  Fishes  and  iish-like  Batrachia  in  the  tail ;  to  the 
spinalis  dor  si y  lontpssimus  dorsi,  and  sacrolumbalis  of  higher  Ver- 
tebrates in  the  back ;  and  to  the  ccrrfcalis  ascendms,  spUnius  capitis, 
and  iransversalis  colli  in  the  neck.  Tlie  posterior  attachment  of 
the  sacrolumbalis  is  to  the  fore  part  of  the  ilium  by  a  slender  ten- 
don :  that  of  the  hmgissimus  dorsi  is  to  the  sacral  ribs.  External 
to  the  longissimus  dorsi  is  the  tmehehmmstrndeHS,  originating 
behind  from  the  diapophyses  of  the  second  or  third  dorsal  vertebra, 
passing  forward  between  the  di-  and  zyg-a[>ophyse8  of  the  cer- 
vical vertcbrro,  deriving  slips  therefrom,  and  inserted  into  the 
mastoid.  The  i  umjtUxus  rises  from  the  sides  of  the  neural  spines 
of  the  middle  cervical  vertehnc,  and  is  intserted  into  the  parocci- 
j)ital.  The  aphmius  (•(//)// ts  arises  from  the  neural  spines  of  the 
anterior  dorsals,  and  is  partly  a  continuation  of  the  spinalis  dorsi: 
it  is  inserted  into  the  superoccipital,  and  shows  traces  of  the  seg- 
mental structure.  The  powerful  muscles  of  the  tail  are  more 
decidedly  divided  by  aponeurotic  septa  into  segments,  correspond- 
ing witii  the  vertebrsB ;  but  they  are  grouped  together,  by  Cuvier, 
into  three  pairs  of  longitudinal  muscles*  The  first  is  neural  in 
position,  and  chiefly  a  backward  prolongation  of  the  spinalis  dorsi ; 
the  myocommal  septa  form  an  angle  directed  forward.  The 
second  is  lateral,  and  begins  by  a  strong  tendon  from  the  upper  and 
back  part  of  the  ilium,  and  by  a  second  tendon  from  the  is(  himn  : 
it  is  also  connected  with  fleshy  flattened  faj>ciculi  from  the  pubi^s 
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and  ahilominal  ribs :  its  myocommal  septa  describe  an  acute  angle 
(lireote<l  hackwartl.  At  the  base  of  the  tail  it  descends  to  the 
lower  border,  and  covi  rs  part  of  the  tlilrd  nuiscuhir  column. 
This  derives  a  tendinous  ori;4in  from  the  inner  trochantcrian  ridije 
of  the  femur,  and  from  a  ligament  thence  extending  to  the  femoro- 
iibular  articulation:  from  these  attachments  the  muscle  passes 
backward  to  tlie  haemal  arches  and  spines  ^related  thereto  by 
altematiiig  origins  and  insertioDS,  and  there  assumes  the  myocom- 
mal chanuster  of  the  lowest  or  hamal  tract  in  the  tail  of  the  Newt 
and  Fish.  By  its  anterior  attachments  in  the  Crocodile,  this  series 
of  masdes — the  femarihperomthcoecy^iuM  of  Cuvier — closely  asso- 
ciates the  pelvic  Umbs  with  the  tail  in  thie  natatory  actions  and 
evolutions  of  the  amphibious  carnivore. 

The  mandibular  nuiscles  are  btrongly  developed  in  the  Cro- 
coflile   in  comparison 
with  other   Saurians  ; 
although    they  seem, 
after  a  comparison  with 
those  of  carnivorous 
mammalSy  small  in  pro- 
portion to  the  length 
and  massiveness  of  the 
jaws.    The  temporal 
is  represented  by  two 
mnscles,  one  of  which, 
the  pretemporalis,  fig. 
142,  f,  has  its  origin  extended  forward   into  the  orbit  from 
beneath  the  postfnmtal,  whence  its  fil)res  ])ass  ol)rKiuely  back- 
ward: tlic  larger  temporalis,  ib.       is  attached  to  the  parietal, 
the  mastoid,  and  tympanic,  and  its  fibres  pass  vertically  external 
to  those  ot  the  pretemporal,  to  be  inserted  into  the  coronoid  and 
Burangnlar.    The  pterygoidei  are  larger  muscles  than  the  tem- 
pOFsles;  the  one  from  the  ectopterygoid,  fig.  142,  hy  receives 
an  accession  of  fibres  from  the  long  pterygoid  bone^  and» 
paiwhig  obliquely  backward^  swells  out  into  almost  a  hemi- 
^heric  prominence  at  its  insertion  into  the  outer  side  of  the 
angular  elements  at  A.   The  apertor  oris,  or  digastric^  ib.  g^  arising 
firom  the  back  part  of  the  prominent  mastoid,  descends  obliquely 
backward  to  the  projecting  angidar  process  behind  the  tympano- 
mandibular  joint.    When  the  mandible  rests  on  tlie  bank,  as  at 
Oy  «,  supporting  the  head  of  the  crocodile,  and  makes  its  angles, 
ih.  29,  the  fixed  point,  the  digastrici,  </,  acting  upon  the  lever  of  the 
mafitoid,  s,  open  the  mouth  by  rotating  the  cjranium  and  upper 
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jaw  from  h  to  c,  n))<ni  the  tympano-mandihular  joints,  t.  Obser- 
vation of  this  action  cnifcnck^rcd  the  notion  tliat  tlic  upjier  jaw 
was  moveable,  and  that  this  was  a  peculiarity  of  the  Crocodile ; 
but  it  moves  only  as  part  of  the  entire  cranium. 

As  the  muscles  of  the  limbs  reach  their  maximum  of  number 
and  variety  in  the  Chelonia  and  saltatory  Batrachia,  they  will  be 
specified  in  those  groups ;  and  the  myology  of  the  trunk  will  be 
resumed)  as  it  is  seen  in  the  Ophidia. 

In  these  reptiles,  as  might  be  expected  from  the  functions  of 
the  spinal  column,  specialisation  of  the  muscles  of  the  yertebra 
and  ribs  reaches  its  maadmum.  The  coalescence  of  the  upper  or 
neuromesial  and  neurolateral  parts  of  the  myocommas  into  loncri- 
tudiual  tracts  is  more  complete  and  distinct  than  in  the  fish-like 

Batrarhid^QY  tlic  Crocod/iia ; 
the  primitive  di>tinction  or 
segmentation  being  pre- 
served only  at  the  points  of 
attachment. 

In  the  neuromesial  tract, 
fig,  143,  A,   those  which 
may  be  called  *  origins '  are 
in  two  series,  one  frtMn  the 
bases  of  the  neural  spines^ 
the  other  by  short  tendons 
from  the  diapophyses:  the 
fleshy  fibres  from  each  ori- 
gin converge  and  coalesce 
as  they  pa.ss  forward,  and 
terminate  in  a  long  slender 
tendon  :  these  tendons  are 
attached    to    the  summits 
of  the  neural  spines.  We 
have   here  the  characters 
of  scmispinalis  and  spmaUt 
dorsi.  The  column  external 
to  the  preceding  answers  to 
the  lonffisnmuM   dorsi;  it 
arises  by  a  series  of  fleshy 
origins  fixmi  the  transverse 
Focesses,  and  by  tendons 
mm  the  contiguous  parts 
of  Ae ribs;  the  fleshy  fibres 
covering  the 
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semispinalis  dorsi,  and  partly  to  its  iiiBortioiis  into  the  neural 
i^piiies;  its  forfmost  attachment  is  to  the  sui)eroccipital.  The 
third  (neuroiut€ral)  tract  derives  fibres  Irom  the  tendinous  origins 
of  the  longiflsimus  dorai,  and  detaches  from  its  outer  side  thin 
slipsy  each  inserted  hj  a  slender  tendon  into  a  rib ;  it  represents 
the  $aerolumbidi8*  A  muscle  deriving  slips  of  origin  from  the 
xjrgapophyses  of  four  or  six  anterior  vertebra  passes  forward  to  be 
inserted  into  the  mastoid,  fig.  145,  r,  and  represents  the  trachelo- 
moMtoideus*  On  the  nnd^  part  of  the  Tertebral  centrum  are  a 
series  of  oldique  fasciculi,  extending  and  conver<;ing  in  pairs  from 
the  diap(i|iiiysis  of  one  vertebra  to  tlie  hypa|>o])hysis  of  the  second 
or  third  vertebra  in  advance.  The  lonyus  colli  at  the  fore 
f»r  upper  part  of  the  spinal  column  in  Mammals  and  Man  is  a 
re]»eiitiou  of  this  series;  the  greater  extent  and  developement  of 
which  in  Ophidians  is  indicator!  by  the  number  and  length  of  the 
hypajx)physe8,  figs.  46,  47 :  and  of  the  subdiapophyscs,  rf, 
fig.  47  a ;  and  these  are  maximised  in  Crotahu  and  Naia ;  the 
QO-related  muscle,  having  its  foremost  insertion  into  the  ocdpital 
hypapophysis,  fig.  146,  brings  down  the  head  in  the  blow 
infilled  by  the  venom-fiaigs  with  proportionate  force. 

On  removinr]^  the  semispinalis  dorsi,  muscles  appear  which  pass 
obliquely  between  the  transverse  and  spinous  processes,  like  the 
seric?^  railed  multifidus  spincB  in  Man.    Beneath  tliese  are  ijifer» 
^nnalrs  and  intertrausiu^snlc!^.    External  to  the  multifidus  spiiiae 
IS  a  series  of  levatorcs  fifsfannn  hremores,  fig.  143,  nrising 
iruiii  the  diapophyses,  and  rcsjiectively  inserted  into  the  rib  of 
the  succeeding  vertebra.     At  their  insertion  arise  the  pretra- 
hentes  costarum,  ib.  c,  which  run  more  obliquely  backward, 
aihI  terminate  each  in  the  eighth  (Naia)  rib  beyond  that 
from  which  it  arose;  being  attached  also  to  the  intermediate 
libs  and  intercostal  fasdie.   In  Python  they  are  continued  on 
to  the  tenth  or  twelfth  rib,  fig.  143,  d,  and  these  continua- 
jiODs  have  been  described  as  a  distinct  series.    Beneath  them 
*  a  shorter  series,  the  pretrahmtes  breviores^  ib.  E.    The  retra- 
hentes  cogtarum,  fig,  144,  C,  arise  from  the  lower  part  of  tlie 
diajMjphysis,  and  jiass  obliquely  forwanl  and  outward  along  the 
internal  surface  of  the  ribs  to  be  inserted  m\r>  the  fourth  rib  in 
aHvanoe.    Where  tliese  muscles  terminate,  the  tran.wersfi/is  ahdo* 
^"niis,  ih.  D,  takes  its  serrated  origin  ;  its  fibres  descend  obliquely 
forward  and  terminate,  with  those  of  the  opposite  side,  in  the 
niphe,  or  medial  tendinous  line ;  which  closely  adheres  to  that 
part  of  the  inserted  border  of  the  Tentral  scutes.    The  retrahentes 
^femres,  ib.  B,  interdigitate  at  their  ori^ns  (in  l^kan)  with 
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those  of  the  trnnsvrrsalis  ahdominis,  and  pass  forward  to  be 
inserted  at  the  end  of  the  bony  part  of  the  fourth  rib  in  advance. 
The  muscle  answering  to  the  rectus  ahdominis,  ib.  A,  has  the 
short  rib-cartilages  for  its  intersections,  instead  of  the  fibrous 
*  lineai  transversaj,*  as  in  Man. 

The  inter cosfales,  fig.  143,  F,  have  their  usual  position  and 
decussating  arrangement  in  two  ])laues.  The  squamo-costales, 
figs.  143,  144,  I,  I,  arise  from  the  ribs  near  the  insertions  of  the 
levatores  costarum,  w :  these  origins  have  been  detached  and  the 
muscles  reflected ;  in  the  figures  tliey  pass  obliquely  backward, 

and  are  inserted  into 
the  skin  near  the  outer 
margins  of  the  ventral 
scutes. 

The  scuto^ostales,  fig. 
143,  u  H,  rise  from  the 
fore  part  of  the  end  of 
the  rib,  and  are  inserted 
into  the  edge  of  the 
scute. 

The  inter scutales,  figs. 
143,  144,  F,  G,  K,  are 
in  two  lavers,  which 
decussate  each  other, 
and  cooperate  with  the 
scuto-costales  in  alter- 
nately erecting  and  de- 
pressing the  scutes.* 
The  fixed  point  of  one 
series  is  the  *  linea  alba,' 
ib.  E ;  of  the  other,  the 
line  of  insertion  of  the 
Sijuamo-costales,  ib.  i. 
The  co-ordinate  effects 
of  the  foregoing  mus- 
cles of  the  ribs  and 
scutes  produce  deter- 
minate movements,  to 
and  fro,  of  the  ribs,  with  alternate  erection  and  depression  of  the 
broad  transverse  ventral  scutes. 

The  tynipuno-mandibular  arch  has  unusual  mobility  in  Ser- 


Munrles  of  the  rlba  and  scatoH,  Python,  cxct. 
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pents :  the  long  tympanic  bone,  fijr.  97,  28,  is  suspended  by  its 
extremity  from  that  of*  tlie  outstandinnr  mastoid  ;  and  besides  the 
movements  of  swinging  to  and  fro  to  the  extent  allowed  by  the 
loose  articulationa  of  the  upper  jaw,  it  is  affected  by  the  muscles 
tending  to  divaricate  the  mandibular  rami,  as  well  as  by  a 
Bnude  directly  drawing  its  lower  end  outward.  This  latter  re- 
peats the  levator  iympaniei  ci  Fishes,  fig.  134,  84 :  but,  witli  tlie 
retrogiada  course  the  ophidian  lympanicy  its  levator  has  a 
more  posterior  origin,  yvL  from  the  end  of  the  mastoid,  and  is 
inserted  into  the  lower,  instead  of  the  upper,  end  of  ^e  tympanic. 
To  counteract  these  moTements,  we  find  a  muscle  answering 
to  the  *  dc})ressor  tympani'  of  Fishes,  fig.  130,  22,  which  arises 
from  the  basi-occipito-sphcnoid,  fig.  146,  rn,  and  passes  trans- 
versely outward  and  backward  to  the  lower  end  of  the  tvni- 
panic  and  co-articulated  end  of  the  mandible:  it  depresses  the 
tympanic  and  draws  it  and  the  articular  part  of  the  mandible 
inwards. 

Of  the  muscles  which  close  the  mouth,  one,  like  the  muscle  /, 
%•  132,  of  the  Shark,  bears  analogy  to  the  nuuseier;  in  the 
absence  of  a  zygoma,  it  arises  from  the  postfrontal  and  contiguous 
part  of  the  ectopterygoid,  fig.  145,  e,  passes  backward,  winding 
round  the  tympano-fnandifoular  joint,  and  is  inserted  into  the 
aurangular  and  angular,  as  fiur  forward  as  the  dentary.  In 
Tenomous  snakes  its  fiusdal  origin  spreads  over  the  poison-bag, 
ih,  a.    The  temporalis, 
lb.  ?,  arises  from  the 
side  and  spine  of  the 
parietal,  and  descends 
ahnost  vertically,  partly 
covered    by  the  raas- 
seter,  to  be  inserted  into 
the  coronoid  plate.  The 
poit'-tempordHe,  ib.  ff 
arises  fimn  the  fore  part 
of  the  mastoid  and  con- 
tiguous part  of  the  pi^ 
rietal,  and  desoen^ng 
m  front  of  the  tympar 
'lie  is  inserted  into  the  coronoid  ridge  nearer  to  the  joint  of  the 
lower  jaw. 

The  *  h/mpnjio-mandihulanSf  ib.  which  is  analogous  to  the 
di«;astrk'us,  or  its  hinder  belly  in  Mammals,  arises  from  the  back 
part  of  the  tympanic,  and  is  inserted  into  that  of  the  angular 
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process  of  the  mandible.    From  fascia  attached  to  tihe  nennd 

spines  of  some  of  tin*  aiit('rl«»r  vcrteln'ie  there  extends  a  flattened 
muscle,  lU'uro-innntHhularis,  fig.  145,  /,  wiiich  unites  with  a  smaller 
strip  from  fascia  connected  with  the  ribs  of  those  vertebra;, 
costo-mandi/mlaris,  figs.  145,  147,  m,  to  be  inserted  into  the  lower 
border  of  the  mandible.  These  muscles  depress  and  retract  tlie 
lower  jaw. 

A  powerful  muscle*  eetopteryffoideuSy  fig.  146,  h,  which  in  its 
Tffioi<^ib^iUr  relations  resembles  the  external  pterygoid,  advances 
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Mu«clea  of  tbc  ptcrygo-palalinc  apparatus  of  the  Civlaltta,  cxciu 

forward  to  the  fore  part  of  the  ectopterygoid,  and  to  the  back  part 

of  the  maxillary  in  Pi/fhon.  In  Crotalus  it  expands  into  a  fasciff,  - 
spread  over  the  ])()iich  lodgin^ir  the  venom-fanj^s,  preserving  a 
tract  of  tendinous  stren^jth  for  insertion  into  the  lower  part  of  the 
hinder  process  of  the  maxillary.  It  cooperates  with  the  erector 
of  the  fang  in  fixinj^  the  niovea])le  maxilla  during  the  blow,  and 
retracts  the  fanii:  on  the  relaxation  of  the  erector.  When  its  fore 
part  is  the  fixed  point,  the  ectopterygoideua  spreading  its  man- 
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dihular  atUicIimcnt  over  the  articular  capsule  to  the  back  part  of 
the  angular  process,  j)rotracts  the  lower  jaw. 

The  €iitoptery(joideus^  fig.  145,  A,  is  attached  anteriorly  to  the 
pterygoid  bone,  ib.  4,  whence  its  fibres  pass  outward  and  back- 
ward to  the  inner  surface  of  the  angular  and  surangular  elements, 
covered  by  the  ectopterygoideus.    It  retracts  and  divaricates  the 
palato-pterygoid  jaws,  protracts  and  approximates  the  back  parts 
of  the  mandibular  rami.    The  fore  parts  of  tliose  bones  which, 
through  their  loose  elastic  symphysial  connection,  yield  laterally  to 
the  pressure  of  the  prey  when  seized,  are  brought  together,  after 
it  is  swallowed,  by  .an  in- 
termandibulaHSf  answering 
to  21,  fig.  1.37,  in  fishes: 
it  is  shown  in  fig.  147, 
I>assing  from  the  end  of 
one  ramus  to  that  of  the 
other,  at  r,  r,  with  a  me- 
dian raphe,  as  in  the  my- 
lohyoideus  ;  and  sending  a 
slip  V  from  each  attach- 
ment, which  expands  upon 
the  intemiandibular  inte- 
gument, restoring  and  cor- 
rugating it  after  it**  great 
occasional  stretching.  In 
this  it  is  aided  by  a  thin 
layer  of  fibres  internal  to 
and  in   close  connection 
with  the  insertion  of  the 
costomandibularis  exposed, 
hy  tlie  outward  reflection 
of   that    muscle    at  fig. 
147,  a. 

In  Fishes  the  fore  part 
of  the  levator  tympani,  fig, 
136,  22,  is  inserted  int4)  the 
pterygoid :  in  Serpen  t.s 
the  origin  of  the  answer- 
able part,  prespheuoptertjffoidens,  is  advanced  forward  to  the  pre- 
sphenoid,  whence  its  fibres,  fig.  146,  /,  pass  outward  and  backward 
to  their  insertion  into  the  ])terygoid,  4,  and  ectopterygoid,  3,  at 
their  junction.  In  protracting  the  pterygoid  it  pushes  forward 
the  maxillary,  rotating  it  outward  in  tlie  Constrictors;  but,  by 
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the  modification  of  the  l)oncs  peculiar  to  venomous  serpents,  as 
shown  at  3  and  2,  fif^.  14f),  tlie  muscle  rotates  the  short  maxillary 
vertically  tliruugh  tlH»  cctopterytioid,  so  as  to  briufj  the  venom- 
fang  from  the  recumbent  to  the  vertical  position  ready  for  the 
blow. 

The  presphenopalaiine  miiBcle  arises  from  the  side  of  the  fore 
part  of  the  presphenold  and  passes  outward  to  its  inserdon  along 
the  inner  surface  of  the  palatine.  From  the  side  •of  the  pre- 
Bphenoid  risea  the  amall  pruphefuhvomenne  mnade,  fig«  146,  v, 
which  aenda  forward  a  slender  tendon  to  the  half  of  the  divided 
vomer,  and  through  that  bone  depreaaea  and  letracta  the  pre- 
maxillary,  ib.  1,  nker  the  displacement  of  all  the  bonea  of  the 
mouth  caused  by  the  engulphing  of  the  prey. 

Tlie  hyoid  arch  is  reduced  to  a  ])air  of  slender  cartilaginous 
ceratr)hyal8,  ruiininf^  forward,  almost  parallel,  fig.  147,  n,  beneath 
the  sheath  of  the  filamentary  tongue,  before  their  anterior  mem- 
branous union.  The  raphe  of  the  muscles  v  and  w,  fig.  147,  is  so 
far  attached  to  the  hyoid  and  lingual  sheath,  that  by  their  oon«- 
traction  they  raise  the  tongue  afler  it  has  been  pushed  down :  the 
fibres  of  the  co^tomandibularis,  ti,  attached  to  the  foremost  part  of 
the  mandible,  through  the  same  medial  attachment  protract  the 
lingual  sheath;  the  posterior  part  of  the  coatomandibularia  can 
retract  the  lingual  sheath,  and  ^ese  actions  are  analogous  to  thoae 
of  the  *  sternohyoid*  and  'geniohyoid*  muscles  in  higher  verte- 
brates. On  reflecting  the  coetomandibularis  from  the  raph^  out- 
ward, the  ycnioglossi  are  exposed  :  their  antero-niedian  attachment, 
fig.  147,  z',  /,  is  to  the  raphe  of  the  intermandibularis,  v ;  their 
antero-latcral  attachment,  2^',  is  to  the  fore  end  of  the  mandibular 
ramus.  The  muscle  formed  by  their  union,  r,  extends  backward 
along  the  lingual  sheath  \o  its  extremity :  it  is  the  chief  pro- 
truder  of  the  tongue.  The  retractors,  answering  to  htfogloft^i, 
ib.  A,  arise  from  the  hinder  ends  of  the  ceratohyals,  run  forward, 
enter  the  lingual  sheath,  and  seem  to  coalesce  in  forming  the 
main  substance  of  the  cylindrical  tongue ;  but  they  again  separato 
to  torroinate  in  its  forked  extremity.  The  fore  past  of  the  trachea 
is  closely  connected  with  the  lingual  sheath,  and  advances  so  £tr 
forward  to  torminate  in  the  mouth,  as  to  be  subject  to  the  streteh- 
ings  and  displacements  of  the  elastic  floor  of  that  cavity.  A 
special  muscle,  f/r?n'otrachealis,  fig.  147,  arises  from  the  fore 
end  of  the  mamlibular  ramus,  and  passes  inward  and  backward 
to  expand  upon  the  sides  of  the  fore  ])art  uf  the  trachea.  The 
pair  draw  forwanl  tin*  glottis;  its  retraction  is  ejected  through 
the  mediiun  of  the  lingual  sheath  and  its  muscles* 
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There  are  small  mociiricatious  of  the  inuscles  of  the  h>iig  anterior 
outstretched  ribs  of  the  Cobra,  fiir.  4B,  which  sustain  the 
peculiar  folds  of  integument  formiug  tlie  cons])icuoui3  '  hood  '  of 
that  poiaonous  snake*  These  ribs  are  protracted  or  raised  by  the 
le^tores  breviores,  and  by  two  sets  of  pretrabentes,  one  passing 
over  two  ribs  to  the  third  behind*  the  olJiers  passing  over  one 
rib  to  the  seccmd,  and  by  the  intercostalea  extend.  The  muscles 
paamng  firom  the  hood-ribs  to  the  skin  oome  off  about  four  lines 
from  the  head  by  a  short  tendon,  the  fleshy  band  extending 
between  one  and  two  inchesj  outward  and  badLward  to  its  insert 
tion  into  the  skin. 

The  museular  system  of  the  trunk  rciuhos,  in  Reptiles,  its 
maximum  in  Serpent* ;  it  is  reduced  to  a  minuuum  in  Tortoises  : 
yet,  where  it  h:M  to  act  on  the  ouly  moveable  part  of  the  verte- 
bral column  of  tliese  hIow  and  heavy  house-bearers*  it  is  specially 
and  in  some  parts  largely  developed. 

Homology  ean  seldom  be  determined  or  discerned*  save  in  a 
general  way*  in  the  fleshy  parts  of  CheUmia ;  as*  e.  g.,  that  the 
muscles  upon  or  about  the  trunk-vertebrse  answer  to  those  so  situ- 
ated in  lower  or  higher  Vertebrates ;  and  that  the  primitive  seg> 
mental  character  of  such  muscles  u  still  indicated  by  distinct  and 
snoeeasiye  attachments  to  a  consecutive  series  of  bony  segments*  as 
is  shown,  e.  g.,  in  fig.  148,  37,  39,  fig.  149,  27.  Where  a  more 
special  determination  has  been  attempted  it  has  usually  rested  on 
asuniiurity  of  attuchment  of  one  end  of  a  muscle,  with  acknow  Icdged 
discrepancy  at  the  other  end  ;  as  when  Cuvier*  conij)ares  27,  fig. 
148,  to  the  siicrohtmhalis  ViWi\  lonrpsnimns  (htrsi and  when  liojanus' 
gives  tiie  latter  name  to  tlie  portions  of  niyoconnuasat  the  ojiposite 
side  of  the  back-bone*  fig.  148*  or  calls  the  muscle*  fig.  152*  91* 
which  arises  from  the  pubis,  the  iliacus  intemntf.  It  will  be 
understood,  therefore*  that  in  applying  to  the  mn>cle3  of  the  Box- 
tortoise  (^Emy9  EvroptBo)^  the  names  assigned  to  them  by  the 
author  of  the  exemplary  and  beautiful  mon<^raph*  fr(»n  which 
the  iUuatrations*  flgs.  148 — 159*  have  been  copied*  they  are  to  be 
taken  more  or  less  in  an  arbitrary  sense*  and  that  the  characters 
of  the  muscles  mainly  exemplify  die  greater  degree  in  which  the 
adajitive  principle  ])rcvail8  over  the  archetypal  one  in  the  soft  than 
in  the  hard  parts  of  the  i Vame. 

On  the  dorsal  as|)cct  of  the  vertebras  of  the  back,  the  muscular 
system  is  rcstiicted  to  ihc  ^  spi'nah's  rfttrsi,''  fiix.  148,  ay;  it  rises 
ixoni  the  neural  and  beginning  of  the  costal  plates*  neural  arch 
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and  rib  of  the  seventh  to  the  third  dorsid  vertebra  inclusive, 
occupying  the  interspaces  between  those  i-arts ;  it  inserted 
into  the  neural  arcli  of  the  last  cervical,  and  into  the  post- 
zygapophysis  of  the  next  vertebra  in  advance. 

The  series  of  musrles  ralli'd  *  longiis  colli/  iK  28,  2S,  com- 
menres  by  the  broad  origin  Ironi  the  under  part  of  the  first  and 
8ecx>nd  costal  plates,  and  is  continued  by  eight  narrower  slips 
fipom  the  hypapophyses  of  the  first  dorsal,  and  seven  antecedent 
cervical  vertebras.    These  fasciculi  incline  forward  and  inward, 

overlapping  each  other,  to 
be  inserted  successively 
into  the  parapophyses  of 
the  eighth  and  lower  jmrt 
of  the  centrum  of  the  ante- 
cedent ccrvicalfj,  with  in- 
terposed sesamoids  at  the 
sixth,  filth,  and  fourth  ver- 
tebraj ;  the  foremost  inser- 
tion being  into  the  basi- 
occipital. 

Six  or  seven  lateral  por- 
tions of  cervical  myocom- 
mas^  called  intertransver* 
sarU  colli;  ib.  36,  pass  irom 
the  diapophyses  of  the 
eighth  to  the  secxjnd  cervi- 
cals,  and  are  inserted  along 
with  tlie  eorn-jK Milling  in- 
sertion^ of  the  luijoiis  colli 
from  the  sixtii  to  the  cen- 
trum of  the  atlas,  or  odon- 
toid. The  intertraji^versaru 
Miqui,  figs.  148,  149,  37, 
are  fonr  strips  from  the 
diapophyses  of  ihe  ttxth, 
fifth,  fourth,  and  third  vertebra,  which  pass  forward  and  down- 
ward to  the  parapophyses  of  the  fourth,  third,  second,  and  first 
cervicals  respectively.  There  are  intcrspinales  between  the 
neural  spines  of  the  tirst  three  cervieals. 

The  trafi.wermlift  ccrvicis,  fig.  1.31,  33,  arises  from  the  post- 
zygapophysis  uf  the  fifth,  fourth,  and  third  cervieals;  these  blend 
outwardly,  and  detaeh  inwardly  insertions  to  the  i>ostzyga})o- 
physes  of  the  fourth,  third,  and  second  oervicais,  and  into  the 
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dia}K)[)Ii jsis  of  the  atlas :  the  tendon  so  inserted  is  shown  at  33, 
%.  148. 

The  eomplexus,  fig.  148,  2.3,  arises  from  the  diapophyses  of  the 
first  three  cervicals,  and  is  inserted  into  the  paroccipital :  in 
fig.  150,  the  hindmost  ori^  of  this  muscle  is  marked  S5. 

The  rectus  eapUU  antieus  Ioikjus^  fig.  148,  S9,  arises  from  the 
hypapophyses  of  the  third  and  second  cervicak,  and  is  inserted 
•  into  the  side  of  the  basiocclpital.  The  rectus  capitis  antieus 
breviSy  fi^.  152,  30,  arises  from  the  atlantal  hypapophysis,  and  is 
inserted  into  tlie  l)aslocci[)ital.  The  rrrfus  fdjiifis  jH)sticns  major, 
fig.  14H,  31,  arises  fnmi  the  neural  spines  of  the  axis  and  atlas, 
and  is  inscrtctl  into  the  paroceipital.  The  rectus  capitis  posticus 
minor,  ib.  31,  arises  from  the  neural  arch  and  diapophysis  of 
the  atlas,  and  is  inserted  into  the  base  of  the  ezoccipitaL 

The  hirgest  and  most  remarkable  portions  of  muscular  segments 
of  the  trunk  are  those  which  are  combined  to  effect  the  retraction 
beneath  the  carapace  of  the  head  and  neck.    The  retrahens 
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eapiHs  coUique,  figs.  149,  150,  27,  arises  by  six  fleshy  fasdcnli 
from  the  neural  arches  and  spines  of  the  eighth  to  the  fifth 
dorsals  inclusive  ;  these  pa.^s  forward,  blendinfr  toj^cther,  and  then 
detach  four  tendinous  insertions :  of  these,  the  anterior  and 
loDf^est,  as  well  as  strongest,  is  into  the  hasioccipital  fossa;  the 
other  three  are  into  the  diapoi)hy8e8  of  the  fourth,  fifth,  and  sixth 
cervicals.  It  is  not  difficult  to  sever  the  part  of  the  great  re- 
tractor connected  with  the  cervical  insertions,  as  a  distinct  muscle 
from  that  inserted  into  the  occiput.  The  hivcnter  ccrvicis,  figs. 
150, 151,  24,  arises  from  the  neural  spines  of  the  fifth,  fourth,  and 
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third  cervicals,  and  is  inserted  into  the  same  part  of  the  occipital 
vertebra. 

The  trachelomastoideus,  fig.  150,  26,  arises  from  the  liypapophyses 
of  the  third  and  second  cervicals,  and  ascends  obliquely  to  be 
inserted  into  the  mastoid. 

The  scalenus,  fig.  150,  34,  arises  from  the  inner  border  of  the 
lower  three-fourths  of  the  scapula ;  its  fibres  emerge  as  it 
advances,  and  deliver  strips  of  insertion  to  the  diai>ophyscs  of  the 
eighth  to  the  second  cervical  inclusive. 
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The  sternomasfotdeus,  fig.  150,  22,  arises  from  the  middle  of  the 
inner  surface  of  the  entostcmum,  and  is  inserted  into  the  mastoid. 

The  diaphragmaticusy  figs.  148,  149,  150,  42,  42,  arises  by  three 
sheets  from  the  bodies  of  the  fifth  and  fourth  dorsals,  and  from 
the  rib  of  the  third  dorsal ;  the  two  posterior  unite  to  apply  them- 
selves and  adhere  to  the  mesial  surface  of  the  lung;  the  third 
sweeps  over  to  the  outer  surface,  42,  fig.  150,  and  42,  fig.  151,  and 
is  reflected  from  its  lower  border  upon  the  pcritoneiun. 

The  transversalis  abdominis ,  figs.  150,  151,  41,  arises  along  a 
curved  line  on  the  inner  surface  of  the  fourth,  fifth,  sixth,  and 
seventh  costal  plates,  extending  from  the  end  of  the  fourth  to  the 
beginning  of  the  seventh ;  also  by  a  separate  fascicuhis  from  the 
eighth  rib ;  and  by  three  slender  tendons  from  near  the  cardinal 
border  of  the  hypostcrnal ;  it  is  inserted  by  a  broad  tendinous 
sheet  into  the  mesial  border  of  the  same  plastral  element,  which 
is  the  homologue  of  the  abdominal  hacmapophyses  and  spine 
receiving  the  same  insertion. 

The  obliqnus  externus,  fig.  151,  40,  arises  from  the  inner  side 
of  the  extremities  of  the  last  four  costal  plates,  and  adherent 
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niar^nal  ones ;  it  is  inserted  along  a  sigmoid  line  extending  from 
the  postero-external  angle  of  the  hypostemal  to  the  middle  of  the 
xii>histernal  and  by  a  special  fasciculus  and  tendon  into  the  lateral 
process  of  the  pubis. 

The  latissimus  colli,  figs.  151,  152,  21,  consists  of  two  parts; 
both  are  attached,  above,  to  aponeuroses  connecting  them  with 
the  cervical  diapophyses ;  the  fibres  of  the  posterior  division, 
fig.  149,  21  Oy  pass  dt)wn  and  rather  backward,  over  the  muscles  of 
the  base  of  the  neck^  and  are  inserted  into  the  midline  of  the 


epi-  and  ento-sternals :  the  fibres  of  the  longer  anterior  portion 
sweep  transversely  across  the  lateral  and  lower  parts  of  the  neck, 
fig.  152,  21. 

The  extensor  caudcB,  fig.  151,  47,  includes  the  neural  portions  of 
the  my  ©commas  of  this  region  from  its  base,  where  the  foremost 
has  a  sacral  origin,  to  near  the  tip.  The  Jiexor  candce  lateralis, 
ib.  48,  consists  of  the  lateral  parts  of  the  same  muscular  seg- 
ments. The  Jiexor  caudcB  inferior  is  shown  at  ib.  49 :  the  Jiexor 
caud(P  lumbalis  in  fig.  150,  50:  the  Jiexor  caudcc  obturatorius  in 
figs. -151  and  156,  51. 

The  following  are  muscles  of  the  tympano-mandibular  arch. 

The  temporalis,  figs.  151,  152,  i,  arises  from  the  parietal  and 
superoccipital  spines,  and  is  inserted  into  the  coronoid  part  of  the 
mandible.  The  pterygoideus,  figs.  148,  149,  152,  4,  arises  from 
the  outer  surface  of  the  pterygoid,  and  is  inserted  into  the  internal 
tuberosity  of  the  articular  element  of  the  mandible.  The  apertor 
oris,  or  digastricus,  figs.  150,  153,  3,  arises  from  the  mastoid,  and 
is  inserted  into  the  angular  process  of  the  mandible.    The  dilatator 
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tuhas  figs.  148,  149,  4,  arises  from  the  mastoid,  and  b  inserted 
into  the  postero-inferior  angle  of  the  tympaiuc  and  into  the  begin- 
ning of  the  eustachian  tube. 

The  following  are  mnscles  of  the  hyoidean  arch  and  appen- 
dages. The  mylohyoideusy  fig.  153,  is,  extends  transversely  between 
the  mandibular  rami,  and  is  attnclied  to  the  hyoid  by  it^  median 
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raphe.  The  omo/ii/oidcits,  figt<.  150,  152,  u,  arises  from  the 
coracoid,  and  is  inserted  into  the  busi-,  cerato-,  and  thyro-hyals. 
The  </entoAyaM/^,  figs.  150,  152,  15,  16,  arises  from  the  back  [mrt 
of  the  symphysis  mandibnlas ;  is  united  to  its  fellow  as  far  back 
as  the  l)ii8ihyal,  and  there  diverges  to  its  insertion  into  the  ecra^ 
tohyaL  The  hyomaxiUarU,  fig.  150,  le,  arises  firom  the  articular 
element  and  is  inserted  into  the  ceratohyaL   The  gemog1a$$uit 
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fig.  152,  17,  arises  from  the  dcntary  and  is  inserted  into  the  outer 
angle  of  the  basihyal  and  into  it^  triangular  appendage.  The 
hyoglossus,  fig.  151,  18,  passes  from  the  basihyal  and  its  appendage 
to  the  ceratohyal,  which  it  covers  on  the  left  side  of  fig.  152. 
The  proper  muscles  of  the  scapular  arch  are  very  few,  by 
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reason  of  its  fixity,  although  it  gives  origin  to  many  which  act 
ujxjn  other  more  moveable  parts. 

The  stubclavius,  fig.  148,  59,  arises  from  the  under  part  of  the 
first  costal  plate,  and  is  inserted  into  the  suprascapula  and  con- 
tiguous part  of  the  scapula.    The  serratus  magnus,  fig.  152,  75, 
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fig.  153,  57,  arises  from  part  of  the  outer  margins  of  llie  finst  and 
second  costal  plates  and  from  ihe  same  margin  of  the  cardinal 

process  uf*  the  liyostorniil  and  contiguous  part  of  the  hyposternal: 
it  is  inserted  iuto  the  upper  surface  of  the  coracoid.    The  latU- 
siiitus  dorsi,  fig.  152,  58,  arises  from  the  inner  surface  of  the  first 
costal  j)late,  and  is  inserted  into  tlie  neck  of  the  humerus.  The 
deltoideSf  fig.  153,  60,  arises  by  tlu*ee  heads;  one,  il).  go  a,  from  the 
inner  surface  of  the  ento-  and  epi-stemals;  another,  ib.  eob,  from 
the  clavicular  process  of  the  scapula ;  and  the  third  from  the 
angle  between  that  process  and  the  body  of  the  scapula :  it  is 
inserted  into  the  lesser  tuberonty  of  the  humerus.  The  cUanctdo-' 
Irachialist  fig.  152^     arises  fiom  the  dayide,  and  is  inserted  into 
ihe  outer  tuberonty  of  the  humerus.   The  ntbcaracmdeys,  fig.  153, 
69,  arises  from  the  under  surface  of  the  coracoid,  and  is  inserted 
into  tlie  inner  tuberosity  of  the  humerus.    The  supercoracoideus, 
figs,  151,  l.l^,  r.4,  arises  from  the  upper  surface  of  the  coracoid, 
and  is  iuiierted  into  the  unter  tuberosity  of  the  humerus.  The 
trrea  minor,  fig.  152,  cr.,  arises  \vi>m  the  iK>8terior  border  of  the 
coracoid  and  is  inserted  into  the  pit  between  the  Imniernl  tuberosi- 
ties, with  an  attachment  to  the  capsule  of  the  shoulder-joint. 
The  triceps  hrachii,  figs.  152,  153,  65  a  e,  arises  from  above  the 
glenoid  margin  of  the  scapula,  65a,  and  from  the  humerus,  esc: 
it  is  inserted  into  the  olecranon.    The  Inceps  hrachii,  fig.  153,  66, 
arises  from  the  back  part  of  the  coracoid,  66^' :  it  is  inserted, 
with  the  brachialis  intemus,  into  the  ulna,  and  by  a  lender  tradon, 
66  a,  into  the  radius.    The  hraehudii  iniemus,  fig.  152,  67, 
arises  from  the  inner  tuberosity  and  concave  surface  of  the 
humerus  and  is  inserted  into  the  proximal  ends  of  both  the  radius 
and  ulna.    The  palmnris,  figs.  loO,  153,  gs,  arises  from  the  outer 
condyle  of  the  humerus,  and  is  inserted  iut4j  the  jialniar  aponeu- 
rosis,   The^/Ie.ror  siibllfnis,  fi<rs.  151,  153,69,  iin<e^  i'wmi  the  outer 
condyle  of  the  humerus  and  is  inserted  into  the  metacarpal  of  the 
Mth  digit  and  into  the  tendon  of  the  ulnaris  intemus*    The  Jiejor 
profundus^  figs.  150,  151,  7o,  arises  from  the  concave  side  of  the 
ulim,  and  is  inserted  into  an  aponeurosis  splitting  into  five  tendons 
for  tiie  last  phalanges  of  the  fiye  digits.  The  projiator  teres  arises 
i&om  the  outer  condyle  of  the  humerus :  its  insertion,  shown  in 
fig.  154, 71,  is  into  the  radial  side  of  ihe  carpus,  with  iJiat  of  the 
pronator  guadraius,  ib.  yt.    The  nhuiris  intemus,  figs.  151,  153,. 

73,  arises  from  the  tubercle  above  the  outer  angle  of  the  humerus, 
and  is  inserted  into  the  ulnar  side  of  the  carpus  and  conti<»uous 
end  of  the  fifth  mctiic4ir]>:i].    The  ulnaris  externus,  figs.  151,  lo2, 

74,  arises  from  the  tubercle  above  the  inner  condyle  of  the 
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humerus,  and  is  inserted  into  the  carpus  near  the  uhia.  The 
radialis  internus,  fig.  154,  75,  arines  from  the  tiil)orosity  above  the 
outer  condyle  of  the  humerus,  and  U  inscrtcMl  into  the  distal  eud 
ot  the  radius.     The  radialis  externus  longusy 
fig.  152,  76,  arises  ixom  the  tuberosity  above 
the  internal  humeral  condyle,  and  is  inserted 
into  the  radial  margin  of  the  carpus;  the 
mnsole  conyerging  towards  76,  in  the  same 
figure,  is  the  radiaHi  nUemui.    The  radktlk 
exUmu9  brem$9  fig.  150,  77,  arises  firom  the 
tnberoflity  above  ti^e  intmal  hnmend  condyle, 
and  ia  inserted  into  the  back  of  the  carpus. 
The  supinator  lonfjus,  figs.  152,  153,  78,  arises 
above  the  internal  humeral  condyle,  and  is  in- 
serted into  the  radial  side  of  the  carpus  and 
the  same  border  of  the  radius.     The  supinator 
brevhy  fig.  152,  79,  arises  from  the  tubercle 
above  the  inner  humeral  condyle,  and  is  in- 
serted into  the  back  of  the  radios.  The  extensor 
communis  diffitarum^  fig.  151,  80,  arises  from  the 
tuberosity  above  the  inner  humeral  condyle,  and  is  inserted  into 
the  five  metacarpals.    The  extensor  proprius  poUieis,  fig.  150,  SJ, 
•rises  from  ihe  nlna,  and  is  inserted  into  the  metacarpal  of  the 
]K^ex.    The  extensor  proprius  digiti  minina',  ii*^.  152,  82,  arises 
from  the  ulnar  side  of  tlie  carpus  and  is  inserted  into  the  meta- 
car[)al  and  first  phalanx  of  the  fifth  digit.    The  extensores  breves 
(iifjitorum,  figs.  151,  153  ,  83,  arise  from  the  back  of  the  carpus 
and  metacarpus,  and  are  inserted  into  the  distal  phalanges.  The 
abductor  pollicis,  fig.  153,  84,  arises  firom  the 
inner  side  of  the  carpus,  and  is  inserted  into 
the  first  phahmx  of  the  pollez.    The  JUxores 
^feves  digHorum,  fig.  153,  88,  arise  firom  the 
palmar  sesamoids  and  ftsda,  and  are  inserted 
mto  the  phalanges.   There  are  also,  interossei, 
l>oth  external  and  internal;  the  latter  are  shown 
»t  »o,  figs.  154  and  155.    The  adductores  digi' 
<9nfm,  fig.  155,  86,  are  limited  to  the  first, 
*^ond,  and  third  fingers,  to  the  metacarpals  of 
*hich  the  muscles  incline,  radiad,  from  the 
second  row  of  carpals. 

The  following  are  the  muscles  of  the  pelvic 
arch  and  limb  :  — 

The  aUrahens  peimm,  figs.  150,  153,  4S,  arises  firom  oontiguons 
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parts  of  the  hypo-  and  xiphi-eternals,  and  is  inserted  into  the 

outer  process  of  the  pubis.  The  retrahens  pelvim^  ih.  44,  arises 
from  the  posterior  hall'  of  the  xiphisternal,  aiul  has  a  siniihir  In- 

sertion.  ^More  direct  retractors  of 
the  pelvis  are  the  muscle  called 
Jlexor  cnnda;  ohtiinitoriusj  which 
arises  from  the  caudal  luemapo- 
physes,  and  is  inserted  into  the 
front  border  of  the  obturator 
foramen ;  and  the  Jlexor  cmidtt 
uchiadicus,  ib.  52,  with  a  similar 
origin,  but  inserted  into  the  ischial 

intemus,  Boj.),  figs.  150, 152, 153, 9i,  arises  from  the  upper  surface 
and  outer  process  of  the  pubis,  and  is  inserted  into  the  inner  tro- 
chanter of  the  femur.  Its  insertion  receives  also  a  small  fasciculus 
from  the  ninth  dorsal  centrum,  and  the  tenth  pleurapophysis,  which 
may  represent  tlie  j)snas.  A  f/lufwita,  fifjs.  150,  151,  93,  arises  from 
the  ninth  and  tenth  pleurapophyses,  and  from  the  ilium.  A  second 
glutcpus,  figs.  150,  151,  152,  94,  arises  from  the  saeral  and  anterior 
caudal  pleurapophyses.  Both  are  inserted  into  the  outer  t  rochanter, 
together  with  a  fasciculus,  representing  an  obturator  ins,  from  the 
inner  surfiice  of  the  ohturator  fascia,  and  from  the  ischial  symphysis. 
The  triceps  adduetor^^gf^  152,  153, 97,  arises  from  the  inferior  sur* 
face  of  the  pubis,  and  is  inserted  into  the  inner  trochanter,  crossed 
by  the  ischio-pubic  ligament.  The  guadraiuM,  fig.  152,  98,  arises 
firom  the  tober  ischii,  and  is  inserted  into  the  back  interspace  of 
the  trochanters.  The  rectus  femoris,  fi<j^.  151,  99,  arises  by  a  bifid 
tendon  from  the  upper  end  of  the  ilium,  and  is  inserted,  with  the 
vastus  exfcrjius,  fig.  150,  i(H>,  vastus  i/tfcr/nis,  fig.  101,  rruraus^ 

fig.  152,  102,  and  sartorius,  fig.  153,  lOG,  into  the  fore-i)art  of  the 
head  of  the  tihia.  The  svniitrndinosusy  figs.  150,  152,  104,  has 
three  origins,  one  from  the  hack  part  of  the  upper  end  of  the 
ilium  and  contiguous  part  of  the  sacrum,  a  second  from  the  tuber 
ischia,  a  third  from  the  back  part  of  the  ischial  symphysis ;  they 
join  a  common  tendon  which  passes  behind  the  knee-joint,  and 
then  bifurcates  to  be  inserted  into  the  outer  proximal  tuberosity 
of  the  tibia,  and  into  the  gastrocnemius,  luft.  The  semimem- 
hranosus,  fig.  153,  105,  has  two  origins,  one,  105  a,  from  the  first 
caudal  yertebra;  the  other,  los  firom  the  tuber  ischii  and  ischio- 
pubic  ligament  It  is  inserted  into  the  upper  part  of  the  tibia. 
The  gracilis,  fig.  153,  107,  arises  from  the  middle  of  ischiopubic 
ligament,  and  is  inserted  into  the  upper  and  outer  j)art  of  the 
tibia.    The  cxlv/isor  communis  digitorum,  fig.  151,  108,  arises  from 
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the  ridge  anterior  to  the  outer  femoral  condyle,  and  is  inserted 
into  the  di-^tal  phalanx  of  the  hallux  and  into  the  ])r(>ximal  phalanges 
of  the  other  toes.  The  tibialis  anticus,  figs.  150,  153,  io9,  arises 
from  the  antero-intemal  margin  of  the  tibia,  and  is  inserted  into 
the  tibial  side  of  the  tarsus  and  first  metatarsal.  The  peroneus, 
fig.  151,  10,  arises  the  fore  part  of  the  fibula,  and  is  inserted 
into  the  cuboid^  and  fourth  and  fifth  metataraala»  The 
txiensarts  breees^  figs.  149,  151,  iii,  arise  from  the  dorsal  aspect 
of  the  second  row  of  tarsab,  metatarsals,  and  proximal  phalanges, 
and  are  inserted  into  the  ungual  phalanges.  The  extensor  proprius 
haUucis,  fi<rs.  152,  153,  112,  arises  from  the  lower  end  of  the 
fibula,  and  is  inserted  by  a  bifurcate  tendon  into  the  sides  of  the 
first  phalanx  of  the  hallux.  Tht  abductor  hallucis  arises  from  the 
tendon  of  the  tihidlis  anticus,  and  f  i  nin  the  first  metatai'sal,  and  is 
insertetl  into  the  base  of  the  proximal  phalanx  of  the  hallux. 
The  gastrocitcmius,  fifj^s.  151,  153,  114,  has  two  heads,  one,  luo, 
firom  the  outer  femoral  condyle;  the  other,  114  A,  from  the  outer 
margin  of  the  tibia,  and  this  receives  also  the  tendon  from  the 
semitendinosus :  it  is  inserted  into  the  calcaneum  and  expanded 
metatarsal  of  the  fifth  digit,  and  is  continued  into  the  plantar 
fascia.  The  pUmtarU,  fig.  153, 115,  arises  above  the  outer  femoral 
condyle,  and  coalesces  with  the  jofeut,  fig.  152,  lis,  and  the  «2t^Yt- 
flexoT  hngus,  117,  to  terminate  in  a  common  aponenrosis,  attached 
to  both  sides  of  the  tarsus,  and  dividing,  as  in  fig.  157, 11 7,  to  be 
inserted  into  the  ungual  phalanges.  The  digitijlexores  breves, 
fig.  157,  118,  are  foui  in  number,  arise  from  the  tarsus,  and  are 
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inserted  into  the  sides  of  the  middle  phalanx,  and  by  a  slender 
tendon  into  the  ungual  phalanx,  of  the  four  outer  toes.  The 
tibialis  jfosticus,  figs.  152,  158,  arises  from  the  inner  and  back 
part  of  the  fibula,  and  expandb  into  an  aponeurosis,  including  a 
s^amoid,  which  divides  to  be  inserted  into  the  second  row  of 
tarsals,  and  the  metatarsals  of  the  hallux  and  fifth  digits.  The 
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ifUeroBseua  cruris,  fig.  158,  iso,  extends  obliquely  between  the 

opposite  margins  of  tbe  leg-bone&     The  interossei  di(/itorum 
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dorudes,  are  shown  at  122,  and  those  of  the  plantar  surface  at  is3» 
fig.  158. 

The  highest  faculty  of  terrestrial  locomotion  in  the  reptilian 

claims,  is  inuiill'ested  by  the  saltatory  hatrachians. 

In  the  hind  linil)  of  the  froof  there  is  a  muscle  which  extends 
from  the  diajjopliysis  of  the  third  vcrtcljra  to  the  ilium,  which  it 
tends  to  protnu  t,  and  acting  from  wiiicii  it  may  slightly  bend  the 
back.  The  ecto<jlnteus  receives  an  acre??sory  strip  from  the 
coccygeal  style.  The  mesoyluteus  is  a  strong  muscle.  The  enio- 
glutem  and  iiiacits  are  united.  The  obturator  ezternus  has  a  semi- 
circular  form.  The  quadratus  femoris  is  in  two  strata.  There 
are  two  pectinei  and  four  adductores  femoris.  The  extensor  erttrit 
consists  of  a  vastus  intemus  and  a  vastus  extemus  with  a  coalesced 
erurmusx  there  is  no  rectus  femoris.  The  flexor  cruris  has  but 
one  head  or  origin  from  the  lower  and  back  part  of  the  ilium. 
The  semtendinosus  has  two  heads,  one  from  the  fore  part,  the 
other  from  the  back  part  of  the  iscluo-pubic  symphysis.  The 
semimembranosus  and  gracilis  have  the  usual  attachments.  The 
sarf(ir///s-  resembles  the  rectus  in  its  position  and  course  in  fiout  of 
the  :  it  is  united  to  the  tensor  fascia  lata;.     The  gastro- 

ciieinius  is  rc])rcscnted  by  it©  extcrnrd  nioiety,  which  is  so  larpre  as 
to  give  tlic  ajtpt'aranco  of  a  *  calf '  to  tlie  leg:  its  tendon  glides 
behind  the  tibio-tarsal  joint,  and  expands  as  it  descends  along 
the  tarsal  segment  into  a  plantar  fascia.  The  tifmilf.^:  anticus 
arises  by  a  strong  tendon  from  the  femur,  and  divides  at  the 
middle  of  the  tibia  into  a  fascicle  inserted  into  the  astragalus,  and 
a  second  insert(Ml  into  the  calcaneum ;  in  both  at  the  proximal 
end.    A  eruro^iaiis  rises  from  the  lower  end  of  the  femur,  and 
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is  inserted  into  the  fore  part  of  the  lower  three-fourths  of  the 

tibia.    The  tibialix  pogficfts^  with  the  usual  origin,  is  inserted  into 
tlie  astragal  u.-,  fig.  44^  <i.     A  pcronvus  arises  from  the  outer 
femoral  rondyle,  and  from  the  outer  side  of  the  leg-bone;  its 
tendon  bifurcates,  one  part  being  attached  to  the  outer  nialleuhi;<, 
the  other  to  the  base  of  the  calcancum,  ib.  d.    An  crfnisor  lonyus 
digitorum  arises  from  the  outer  malleolus,  passes  between  the  two 
portaons  of  the  tibialis  anticus,  and,  after  sending  an  insertion  to 
the  astragalus,  is  continued  to  the  three  middle  toes.  The 
txtmaor  hrevis  arises  from  the  whole  length  of  the  calcaneum,  and 
divides  into  six  parts,  an  external  to  the  metatarsal  of  the  hallux, 
an  internal  to  that  of  the  nunimus,  and  the  intermediate  four  to 
the  phalanges  of  the  four  outer  toes ;  these  unite  with  the  tendons 
of  interassei  extemi^  to  which  might  be  referred  the  extensor  of  the 
hallux.    Both  this  toe*  and  the  outermost  have  their  abductors 
for  spreading  the  web.    There  is  also  an  abductor  of  the  ento- 
cnnciforin,  fig.  44,  ci,  which  resembles  a  .small  accessory  digit. 
The  piantar  apoueuro-sis,  which  receives  a  fleshy  fascicle  from  the 
tibio-tarsal  capsule,  gives  origin  to  a  muscle  inserted  iiito  the 
whole  leiiL»'th  of  the  astragalus,  divides  into  six  fascicles,  which 
form  sheaths  for  the  flexor  tendons,  two  of  which  belong  to  the 
fourth  toe ;  and,  finally,  is  resolved  into  three  tendons,  of  which 
twd  go  to  the  fifth  toe,  and  one  to  the  fourth.    The  Jiexor  lonqus 
digUonm  arises  from  the  tibio-tarsal  capsule,  and  is  expended 
upon  the  three  outer  toes.    The  several  insertions  of  the  fore- 
going digital  flexors  ^ve  one  tendon  for  the  ungual  phalanx,  and 
two  for  the  other  phalanges. 

f  48,  Loeamation  of  Fishes* — Hitherto  the  osteology  and  myo- 
logy of  the  oold-blooded  Vertebrates  have  been  considered  chiefly 
from  a  homological  point  of  view.  I  have  aimed  at  relieving  the 
dryness  of  descriptive  detail,  and  at  connecting  the  iiiululai ious 
particulars  of  this  difficult  ])art  of  C"()ni})arative  Anatomy  in 
iiauirul  order,  so  as  to  be  easily  retained  in  the  moniorv,  by 
refcrrin«_r  to  tlio  irluliuns  \vlnch  the  bones  and  muscles  of  Fishes 
and  lieptiics  bear  to  tlie  general  plan  of  vertebrate  organisation, 
and  by  indicating  their  analogies  to  transitory  states  of  structure 
in  the  embryo  of  higher  animals^  and  to  those  answerable  con- 
ditions of  the  mature  skeleton  which,  in  longer  la{>se  of  time^ 
^▼e  successively  prevailed  and  [lassed  away  in  the  generations 
of  spedes  that  have  left  recognisable  remains  in  the  superimposed 
Btmta  of  the  earth*s  crust. 

^o  determine  the  parts  of  the  Tertebrate  structure  which  are 
iBost  constant — to  trace  their  general,  serial,  and  special  homo- 
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l<MTle>.  iiTidor  all  the  vari(ni>  mollifications  by  wliich  thcT  are 
adapteti  m  the  several  mode^  and  sjtheres  aud  grades  ot  exbtencc 
of  the  different  specie?  —  should  be  the  great  aim  of  anatomical 
science  ;  as  being  that  which  reduces  its  facts  to  the  most  natural 
order,  and  their  exposition  to  the  simplest  exprasnons. 

It  is  impossible,  in  pursuing  the  requisite  comparison  upward 
tliroagh  the  higher  orguiised  classes,  not  to  recognise  resemblances 
between  the  ultimate  states  and  forms  of  ichthyic  organs^  and  the 
tiansitoiy  condition  of  the  same  j^arts,  in  the  higher  species. 
Bat  these  resemblances  have  been  sometimes  oyerstated,  or  pre- 
sented under  unqualified  metaphorical  expressions,  calculated  to 
mislead  the  student  and  to  obstruct  the  attainment  of  complete 
conceptions  of  their  nature.  We  should  lo.sc  most  valual)le  ii  uits 
of  anatomical  study  were  we  to  limit  the  applicatiou  of  its  facts 
to  the  elucidation  of  the  unity  of  the  vertebrate  type  of  organi- 
sation, or  if  wc  were  to  rest  satisticd  witli  the  detection  of  the 
analogies  between  the  embryos  of  higher  and  the  adults  of  lower 
species  in  the  scale  of  being.  We  must  go  further,  and  in  a 
different  direction,  to  gain  a  view  of  the  fruitful  physiological 
principle  of  the  relation  of  each  adaptation  to  its  appropriate 
function,  if  we  would  avoid  the  danger  of  resting  in  speculations 
on  die  mode  of  operation  of  derivative  secondary  causes,  and  of 
blinding  the  mental  vision  to  the  manifestations  oif  Design  which 
the  various  forms  of  the  Animal  Creation  offer  to  our  contain 
pladon. 

To  revert,  then,  to  the  skeleton  of  Fishes,  with  a  view  to  the 
teleologi  ;il  application  of  the  facts  determined  by  the  study  of 
this  eofiiplex  modi  Heat  ion  of  the  animal  framework.     Xo  doiil)t 
there  is  analojn'  between  the  cartilaginous  state  of  the  endo- 
skeleton  of  Cuvler's  Choiidropterygians,  and  that  of  the  same 
part  in  the  embryos  of  air-breatliing  Vertebrates;  but  why  the 
gristly  skeleton  should  be,  as  it  commonly  has  been  pronounced  to 
be,  absolutely  or  teleologically  inferior  to  the  bony  one  is  not  so 
obvious.    The  ordinary  course  of  age,  decrepitude,  and  decay  of 
the  living  body  is  associated  with  a  progressive  accumulation  of 
earthy  and  inorganic  particles,  gradually  impeding  and  stiffening 
the  movements,  and  finally  stopping  the  play  of  the  vital  machine* 
And  I  know  not  why  a  flexible  vascular  animal  substance  should 
be  supposed  to  be  raised  in  the  histological  scale  because  it  has 
become  impregnated,  and  as  it  were  petrified,  by  the  abundant 
intus-susception  of  eartliy  ?*alts  in  its  ai  lu1:u  tissue.    It  is  j>erfeetly 
intelligible  that  this  aeccleraud  prorrress  to  the  inorganic  state 
may  be  requisite  for  bome  special  othce  of  such  calcified  paiU  in 
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the  individual  economy ;  but  not,  therefore,  that  it  is  an  absolute 
elevation  of  such  parts  in  the  series  of  animal  tissues. 

It  has  been  deemed  no  mean  result  of  ComparatiYe  Anatomy 
to  have  pointed  out  the  analogy  between  the  shark's  skeleton  and 
that  of  the  himian  embryoi  in  their  histological  conditions ;  and 
no  doubt  it  is  a  yery  interesting  one.  But  the  perception  of 
such  analogy  is  not  incompatible  with  the  endeavour  to  gain 
insight  into  the  purpose  of  the  Creator,  in  so  arresting  tlie  ordi- 
nary course  of  osteogeny  iu  the  highly  organised  fish.  No  law  of 
human  intelligence  condemns  it  to  restrict  its  coguizance  of  the 
phenomenon,  as  .solely  those  of  an  nnfiuished,  incomplete  stage  of 
an  hypothetical  serial  developenient  of  organic  forms. 

The  predaceous  Sharks  are  the  most  active  and  idgorous  of 
fishes;  like  birds  of  prey,  they  soar,  as  it  were,  in  the  upper 
r^ons  of  their  atmosphere,  and,  without  any  aid  from  a  modified 
respiratory  apparatus*  devoid  of  an  air-bladder*  they  habitually 
maintain  tbemselyes  near  the  surfiice  of  the  sea,  by  the  action  of 
their  large  and  muscular  fins.  The  gristly  skeleton  is  in  pro- 
spective harmony  with  this  mode  and  sphere  of  life*  and  we  shall 
subsequently  find  as  well-marked  modifications  of  ike  digestive 
and  other  systems  of  the  shark,  by  which  the  body  is  rendered  as 
light,  and  the  space  which  encroaches  on  the  musonlar  system  as 
siiiiillj  as  might  be  compatible  with  those  actions.  I^esides,  lifxht- 
ness,  toughness,  and  elasticity  are  the  qualities  of  the  skeleton 
most  essential  to  the  shark :  to  yield  to  the  contraction  of  the 
lateral  inflectors,  and  aid  in  the  recoil,  are  the  functions  which  the 
spine  is  mainly  required  to  fulfil  in  the  act  of  locomotion,  and  to 
which  its  alternating  elastic  balls  of  fiuid,  and  semi-ossified  bi- 
concave vertebne,  so  admirably  adapt  it  To  have  had  their  entire 
skeleton  consolidated  and  loaded  with  earthy  matter  would  have 
proved  an  encumbrance  altogether  at  variance  with  the  offices 
which  l^e  Sharks  are  appointed  to  Ailfil  in  the  economy  of  the 
great  deep. 

I  suspect  that  those  who  see  in  a  modification  of  the  skeleton, 
80  beautifully  adapted  to  the  exigencies  of  the  highest  organised 
of  fishes,  nothing  more  than  a  foreshowing  of  the  cartilaginous 
condition  of  the  reptilian  embryo  in  an  enormuus  tadpole,  arrested 
at  an  incomplete  stage  of  typical  developcment,  have  heen  misled 
by  the  common  name  given  to  the  Plagiostomous  fishes.  The 
animal  h&^is  of  the  shark's  skeleton  is  not  cartilage  5  it  is  not  that 
consolidated  jelly  which  forms  the  basis  of  the  bones  of  higher 
Vertebrates :  it  has  more  resemblance  to  mucus ;  it  requires  1000 
times  its  weight  of  boiling  water  for  its  solution,  and  is  neither 
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precipitated  by  infusion  of  galls,  nor  yielda  any  gelatine  upon 
eTaporation. 

In  like  manner  the  modifications  of  the  dennal  skeleton  of 
fishes  haTO  been  viewed  too  exclusively  in  a  retrospectiye  relation 
with  the  prevalent  ehaiacter  the  skeleton  of  the  Invertebrate 
animals.  Doubtless  it  is  in  the  lowest  class  of  Yertebrata  that 
the  examples  of  great  and  exclusive  developem^t  of  the  exo- 
skeleton  are  most  numerous;  but  some  anatomists,  in  their  zeal 
to  trace  the  serial  pro^rression  of  animal  forms,  seem  to  have  lost 
sight  of  all  the  vertebrate  instances  of  the  bony  dermal  skeleton, 
exrej^t  those  prescntcfl  by  the  ganoid  and  plaeoid  fishes.  He 
must  have  sunk  to  the  low  conception  that  nature  had  been 
limited  to  a  cci-tain  allowauce  of  the  salts  of  lime  in  the  formation 
ol'  each  animalV  skeleton,  who  could  alfinn  that  in  the  higher 
Vertcbrata  '  the  internal  articulated  skeleton  takes  all  the  earthy 
matter  for  its  consolidation/  *  forgetting  tliat  the  bulky  Glyptodon, 
and  its  diminutive  congeners  the  Armadillos,  have  their  internal 
skeleton  as  fully  developed  and  as  completely  ossified  as  in  any 
other  mammaL  The  organising  energies  which  perfect  and 
strengthen  the  osseous  internal  skeleton  do  not  destroy  nor  in 
any  degree  diminish  the  tendency  to  calcareous  depositions  on  the 
suiface,  when  the  habits  and  sphere  of  life  of  the  warm*blooded 
quadruped  require  a  strong  defensive  covering  from  that  source. 
Neither  do  we  find  in  the  cold-blooded  series  that  the  endo- 
skeleton  of  the  alli<jator  or  scelidosaur  wa««  consolidated  bv  a 
minor  amount  of  earthy  matter  tlian  that  uf  the  naked  frog  or 
horn-scaled  lizard. 

The  moment  that  the  observations  of  the  naturalist  bring  to 
light  the  mode  of  life  of  any  of  those  fishes  which  are  said  to 
retain  an  unusual  proportion  of  the  external  shell  of  the  Invcrte- 
brata»  we  are  in  a  condition  to  appreciate  the  ada{)tation  of  that 
external  defensive  covering  to  such  mode  of  life.  The  Sturgeons^ 
for  example^  were  designed  to  be  the  scavengers  of  the  great 
rivers;  they  swim  low,  grovel  along  the  bottom,  feeding,  in 
shoals,  on  the  decomposing  animal  and  vegetable  substances 
which  are  hurried  down  with  the  debris  of  the  continents  drained 
by  those  rapid  currents ;  thus  they  are  ever  busied  reconverting 
the  substances,  which  otherwise  would  tend  to  corrupt  the  ocean, 
into  ]i\ing  organised  matter.  These  fishes  are,  therefore,  duly 
weighted  liy  a  ballast  of  dense  dermal  o»('ons  plates,  not  scattered 
at  random  over  ihcir  snrface,  but  regularly  arranged,  a??  the 
seaman  knows  how  ballast  should  be,  in  orderly  series  along  the 
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middle  and  at  the  sides  of  the  body.  The  protection  against  the 
water-logged  timber  and  atones  hurried  along  their  feeding 
grounds,  which  the  sturgeons  derive  firom  their  scaleHU-mour, 
renders  needless  the  ossification  of  the  cartilaginous  case  of  the 
bnun  or  other  parts  of  the  endoskeieton ;  and  the  weight  of  the 
armour  requires  that  endoskeieton  to  be  kept  as  light  as  may  be 
compatible  with  its  elastic  property  and  other  functions.  The 
sturgeons  are  further  adjusted  to  their  place  in  the  liquid  element, 
and  endowed  with  the  power  of  chan<!:iiig  their  position  and  rising 
to  the  surface,  by  a  large  air-bladder. 

These  t«leological  interpretations  of  the  dermal  bony  plates 
may  give  sora.e  insight  into  the  habits  and  conditions  of  existence 
of  those  Ganoid  and  heavily-protected  Placoid  Fishes  which  so 
predominated  in  the  earlier  periods  of  animal  life  in  our  })lanet, 
which  Ganoids  and  Flacoids  have  hitherto  been  viewed  almost 
exclusively  by  the  light  of  the  analogy  of  an  embryonic  *  A  gc  of 
Fishes,'  or  explained  as  arrested  stages  in  the  transmutation  of 
Crustacea.  I  long  ago  demonstrated  that  both  placoid  plates  and 
ganoid  scales,  in  the  extinct  {Lepidatus^)  as  well  as  existing 
{Lepidatiew)  fishes,  differed  froim  the  superficial  shells  of  the 
Invertebrata*  in  presenting  the  same  organisation  for  growth  and 
repair,  the  same  essential  microscopic  structure,  as  the  ossified 
parts  of  the  endoskeieton  which  they  serye  to  protect 

The  Coccostevs,  fig.  127,  of  the  Old  Red  Sandstone,  like  the 
Pimelodus  of  the  Ganges,  had  a  hall  suit  of  such  organised 
armour;  and,  as  Hugh  Miller^  suggests,  the  habits  of  the  modern 
sheat-fisli  may  have  l)eeii  foreshown  in  primeval  times  by  the 
placoganoid,  burying  the  undt  Icu'li  <l  part  of  its  body  in  the  mud, 
snd  exposing  only  its  helm  and  cuirass,  to  arrest,  as  they  parsed, 
the  smaller  animals  on  which  it  preyed. 

Nevertheless,  the  degree  in  which  the  exoskeleton  predominates 
over  the  endoskeieton  as  we  penetrate  into  past  time,  descending 
into  the  fossiliferous  strata  of  the  earth  for  evidence  of  ancient 
life,  is  highly  interesting  and  suggeslaye. 

At  the  present  day  only  two  Icpidoganoid  genera  of  fishes  are 
known — the  Lepidasimu  of  North  America,  and  the  Pofyptenu  of 
Africa — both  restricted  to  firesh  waters.  Other  existing  fishes  of 
cognate  organisation  {Amia,  Stidis,  e.  g.)  have  soluble  and  flexible 
soalos.  As  we  descend  to  the  older  tertiary  beds  the  number  of 
Lcpidocranoids  increases,  their  geographical  relations  expand,  and 
their  >j>liere  <»f  lite  embraces  the  nalt  waters  of  the  ocean.  At 
the  present  day  the  placoganoid  and  pkcoid,  or  plagioiatomous, 
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fishes,  form  a  small  minority  of  the  class.  In  the  chalk  lorma- 
tkms  the  luim^HT  of  the  fepecici;  of  Placoids  and  (lanoids  rapiiUy 
increases,  and  soon  preponderates;  in  all  the  older  fossiUfbrous 
strata  they  exclusively  represent  the  class  of  Fishes.  The  prc- 
dominaiice  of  osseous  matter  deposited  in  the  tegunientary  system 
in  these  ancient  extmct  Fishes  is  not  un&cquently  accompanied 
hj  indications  of  a  semi-cartilag^ouB  state  of  the  endoskeleton, 
like  that  in  the  Lepidosiren  of  die  present  day ;  the  total  absence 
of  any  trace  of  vertebral  centres,  and  the  vacant  tract,  where  they 
should  have  been,  between  the  bases  of  the  neuiw  and  hiem- 
apophyses  which  have  been  little  disturbed,  as  in  fig.  127,  show 
plainly  enough  that  the  primitive  gelatinous  notochord  has  been 
persistent^  In  not  one  of  the  extinct  Fishes  of  the  Devonian 
and  Silurian  systems  has  a  vertebral  centrum  been  discovered  ; 
but  the  enamelled  dermal  osseous  scales  and  plates  are  richly 
developed,  and  most  renin rkable  for  their  beautiful  and  varied 
external  seulpturingj  and  dften  for  their  o;reat  size. 

In  the  mesozoic  strata  ganoid  species  exhibit  a  progressive 
expanse  and  downward  growtli  of  the  neurapophyses,  converting 
the  notochordal  capsule  into  distinct  bony  segments ;  the  terminal 
cups  of  bone  arc  subsequently  added,  and  the  centrum  is  completed. 

At  the  present  day  the  Lepidosiren  repeats  the  notochordal  con- 
dition of  the  endoskdeton,  but  without  the  compensating  ganoid  or 
placoid  developements  of  the  skin ;  and  the  Sheat-fishes  {Siluridai) 
combine  the  large  tuberculated  osseous  dermal  plates  with  a  well 
ossified  internal  skeleton.  The  existing  sturgeons  alone  manifest 
contrasted  conditions  of  the  endo-  and  exo-skeletons,  like  those  in 
the  ancient  placoganoids ;  but  what  is  now  a  rare  and  exceptional 
instance  of  analogy  to  the  ttistaceous  and  crustaceous  Inverte- 
brates was  the  rule  in  the  first-born  fishes  of  our  globe. 
Those  fishes,  which  from  the  determination  of  the  ossifying 
energies  to  the  endoskeleton  have  been  termed  Tclrnatv},  consti- 
tute the  bulk  of  the  tertiary  and  existing  species  of  this  class. 
But  gradations  of  endoskeletal  ossification  are  still  indicated. 
A  great  proportion  of  the  primitive  cartilage  is  retained  in  the 
skull  of  many  of  the  Teleostei,  the  Salmon  and  Pike,  for  example; 
and  the  greater  proportion  of  the  animal  to  tiie  earthy  matter  in 
all  the  bones,  their  coarse  texture,  the  radiating  fibres  of  the  fiat 
cranial  bones,  and  the  general  absence  of  dentated  sutures,  are 
characters  in  all  Osseous  Fishes,  which  remind  the  Anthropotomist 
of  transitional  ones  in  the  human  foetus ;  but  the  light  of  telco* 

'  fiT«o  the  bcantifiil  illu'^tmrion  of  this  fact  in  the  Micro^hts  radiatus.  No.  6?6, 
of  the  Uaiu<  rinn  Scrii-s  ol  .Foseil  FisheA  in  the  Museom  of  the  Iiondoo  College  of 
burgconsi  cxcin.  p.  155. 
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logy  demonstrates  the  perfection  of  such  conditiona,  in  relation  to 
the  atmosphere  and  movements  of  the  Fish.  It  is  generally  in 
^esh-water  abdominal  Fishes  that  the  semi-oflseous  condition  of 
the  skull  is  found,  and  the  diminution  of  the  quantity  of  heavy 
earthy  particles  may  be  connected  with  the  less  dense  quality  of 
their  medium,  as  compared  with  sea-water,  and  with  the  usually 
more  posterior  position  of  the  yentral  fins. 

In  ihe  form  of  a  fish,  the  head  is  disproportionately  large,  as  it 
is  in  the  mammalian  embryo.  But  the  head  of  a  fish  must  needs  be 
large  to  meet  and  overcome  the  resistance  of  the  fluid,  in  the 
mode  most  favourable  for  rapid  pro^n^ession :  it  must  therefore 
grow  with  tlie  growtli  of  the  fish.    Hence  the  large  cranial  bones 
always  show  the  radiating  or^seous  s[)icula3  in  their  clear  circum- 
ference, which  is  the  active  seat  of  growth  ;  hence  the  number  of 
overlapping  squamous  sutures,  which  least  oppose  the  progressive 
extension  of  the  bones.    The  cranial  cavity  expands  with  the 
expansion  of  the  head :  the  absorbents  remove  from  within  as  the 
Arteries  build  up  from  without ;  but  the  brain  undeigoes  no  cor- 
responding increase ;  it  lies  at  the  bottom  of  its  capadous  chamber, 
which  is  principally  occupied  by  a  loose  cellular  tissue,  situated, 
like  the  arachnoid,  between  the  pia  mater  and  the  dura  mater,  and 
having  its  cells  filled  with  an  oily  fiuid,  or  sometimes,  as  in  the 
Sturgeon,  by  a  compact  fat.^    Now,  this  condition  of  the  en- 
velopes of  the  brain  is  not  only,  like  the  fibrous  tissue  and 
squamous  sutures  of  the  ever-growing  cranial  i)(>ne8,  related  t^ 
the  requisite  proportions  of  the  fore-part  of  the  fish  for  facilita- 
ting its  progressive  motion,  but  it  is  one  which  no  embryo  of  a 
higher  animal  ever  presents :  it  is  as  peculiarly  piscine,  as  it  is 
expressly  adapted  to  the  exigencies  of  the  fish. 

It  has  been  held  that  confluence  of  distinct  bones  is  a  consequence 
of  high  circulating  and  respiratory  energies ;  yet  the  anchyloses 
of  the  superoccipital,  parietal,  and  frontal  above  the  cranium,  and 
c^f  the  basi-oocipital,  basi-sphenoid,  and  pre-sphenoid  below  the 
cranium,  in  Lepidonren^  and  the  constant  confluence  of  the  basi<- 
<U)d  pre-sphenoids  in  all  bony  fishes,  disprove  the  constancy  of  the 
opposed  relationship,  and  lead  us  to  look  for  other  explanations 
of  such  coalescence  of  primitively  or  essentially  distinct  bones. 
We  shall  find  a  final  cause  for  the  rapid  consolidation  and  union 
of  the  elongated  bodies  of  the  two  middle  cranial  vertebraj  of 
Fishes  in  the  necessity  for  strength  in  the  basis  of  that  part  of 
tlie  skull,  f  rom  tlie  sides  of  which  the  large  and  heavy  mandibular 
^nd  hyoid  arches  and  their  appendages  are  to  be  suspended,  and 
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to  swinij  frocly  to  and  fro.  The  posterior  ami  anterior  sjOionuids 
continue  (liHt  nct  bones  in  all  Mammals  during  a  period  of  life  at 
which  they  iurni  one  eontinuou.s  liunc  in  Fishes. 

The  loose  connections  of  most  of  the  bones  of  the  face  may 
likewise  remind  the  horaologist  of  their  conditioa  in  the  im- 
perfectly developed  skull  of  the  embryos  of  higher  animals ;  bat 
this  condition  is  e8[)ccially  subservient  to  the  peculiar  and  ex- 
tensive movements  of  the  jaws,  and  of  the  bones  connected  with 
the  hyoid  and  branchial  apparatus. 

Kot  any  of  the  limbs,  properly  so  called,  of  Fishes^  are  pre- 
hensile ;  the  mouth  may  be  propelled  and  guided  by  them  to  the 
food,  but  the  act  of  seizing  must  be  performed  by  the  jaws. 
Hence  in  many  fishes  both  upper  and  lower  maxillary  bones  enjoy 
movements  of  protraction  and  retraction,  as  well  as  of  opening 
and  shutting.  The  tii  ui  eonneetions  of  the  upper  jaw,  and  wedged 
fixity  of  the  bone  su^pendinir  tlie  under  jaw,  wliich  eharacteri^^e 
the  hifrher  Keptiles  and  Mannnals,  would  be  iiiij  <  rfections  in  the 
Fish;  in  which,  thcrelore,  such  characters  are  not  only  absent, 
but  special  developement  in  the  opposite  direction  not  unfre- 
quently  goes  so  far  as  to  produce  the  most  admirable  mechanical 
adjustments  of  the  maxillary  apparatUB,  compensating  for  the 
absence  of  hands  and  arms,  like  those  which  have  been  exemplified 
in  the  instance  of  the  JBpibulit$  inwHator*^  We  must  guard  our- 
selves, however,  from  inferring  absolute  superiorly  of  stnictore 
from  apparent  complexity.  The  lower  jaw  of  fishes  might  at  first 
view  seem  more  complex  than  that  of  man,  because  it  consists  of 
a  greater  number  of  pieces,  each  ramus  being  composed  of  two  or 
three,  and  sometimes  more  se])arate  bone.«.  But,  by  parity  of 
reasoning,  the  dental  system  uf  that  jaw  might  be  regarded  as 
more  complex,  because  it  supports  often  three  times,  or  ten  times, 
perhaps  fifty  times,  the  number  of  teeth  which  are  found  in  the 
human  jaw.  We  here  perceive,  however,  only  an  illustmtion  of 
the  law  of  vegetative  repetition  as  the  character  of  inferior  organ- 
isms ;  and  we  may  view  in  the  same  light  the  multiplication  of 
pieces  of  which  the  supporting  pedicle  of  the  jaw  is  composed  in 
Fishes.  But  the  great  size  and  the  double  glenoid  or  trochlear 
articulation  of  that  pedicle,  are  developements  beyond,  and  in 
advance  of  the  condition  of  the  bones  supporting  the  .lower  jaw 
in  Mammals,  and  relate  both  to  the  increase  of  the  capacity  of  the 
mouth  in  Fishes  for  the  lodgment  of  the  great  hyoid  and  branclual 
apparatus-,  and  to  the  support  of  the  opercula  or  doors  which  open 
and  close  the  branchial  chambers.      riie  division  of  the  long 
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tympanic  pedicle  of  Osseous  Fishes  into  several  partly  oyerlapping 
pieces  adds  to  its  strength,  and  by  peraiitting  a  slight  elastio 
bending  of  the  whole  diminishes  the  liability  to  fracture.  The 
enormous  size,  moreoTer,  of  the  tympano-mandibular  arch,  and  of 

its  diverginor  appendac^es,  contributes  to  ensure  that  proportion  of 
the  head  to  the  trunk  which  in  best  adapted  for  the  proprressive 
motion  of  the  fish  through  the  water.  But  without  the  atiuiissiou 
fiTid  :i])prcci{ition  of  these  pre-ordained  aduptutious  to  special  exi- 
^'eueit-s  in  the  skeleton  of  Fishes,  the  superior  f»trenj:^tli  and 
complex  developeinent  of  the  t^'^mpanie  j)c(licle  and  its  ap}>eudage8 
would  be  inexplicable  and  unintelligible  in  this  lowest  and  first 
created  class  of  Vertebrate  animals. 

All  writers  on  Animal  Mechanics  have  shown  how  admirably 
the  whole  form  of  the  fish  is  adapted  to  the  element  in  which  it 
li^es  and  moves :  the  viscera  are  packed  in  a  small  compass,  in  a 
cavity  brought  forwards  close  to  the  head ;  and  whilst  the  conse- 
quent abrogation  of  the  neck  gives  die  advantage  of  a  more  fixed 
and  resisting  connection  of  the  head  to  the  trunk,  a  greater  pro- 
portion of*  tlie  trunk  behind  is  left  tree  for  the  developement  and 
allocation  of  the  muscular  masses  which  are  to  move  the  tall.  In 
tlie  caudal,  which  is  u-ually  the  longest,  portion  of  the  trunk, 
transverse  jtrocesses  cease  to  he  developed,  whiL^t  dermal  and 
intercalary  f^pines  shoot  out  lW>m  the  middle  line  above  aiul  below, 
and  give  the  vertically  extended,  compressed  form,  most  efficient 
for  the  lateral  strokes,  by  the  rapid  alternation  of  which  the  fish 
is  propelled  forwards  in  the  diagonal,  between  the  direction  of 
those  forces.  The  advantage  of  the  bi-concave  form  of  vertebra 
with  intervening  elastic  capsules  of  gelatinous  fluid,  in  effecting  a 
combination  of  die  resilient  with  ^e  muscular  power,  is  still  more 
obvious  in  the  Bony  Fishes  than  in  the  Shark. 

The  normal  character  of  Ichthyic  myology  shows  itself  in  the 
Vast  proportion  of  the  vegetatively-repeated  myocommas,  corre- 
sfiniullng  with  the  vertebral  segments,  as  compared  with  the 
^iilieradded  system  of  ninsclcs  subservient  t4)  the  action  of  their 
iliver'i^ln"-  aiu»endii<''es :  hut  this  condition,  which,  inasmuch  as  it 
Senates  so  little  from  the  fundamental  type,  tlu-ows  so  much  li^^ht 
upon  the  essential  nature  and  homologies  of  the  muscles  of  the 
Vertebrata,  is  not  less  admirably  and  expressly  adapted  to  the 
habits  and  medium  of  existence  of  the  Fl<h.  The  interlocked 
myocommas  of  the  trunk  constitute,  physiologically,  two  great 
lateral  muscular  masses,  adapted  by  their  attachments,  and 
especially  by  those  of  the  anterior  and  posterior  ends,  to  bend 
vigorously  from  side  to  side,  with  the  whole  force  of  their  alter- 
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iiatiiig  antagonistic  contractions,  the  caudal  moiety  of  tlie  trunk, 
producing  that  double  hinh  of  the  tail  by  which  the  fish  darts 
forwards  with  such  velocity.  "VVTien  the  lateral  muscles  are  more 
violently  contracted,  so  as  to  bend  the  whole  trunks  the  recoil 
may  even  raise  and  propel  the  fish  some  distance  from  its  native 
element:  thus  the  salmon  overleaps  the  roaring  cataract  which 
opposes  its  migration  to  the  Bhallow  sources  whither  an  irresistihle 
instinct  impels  it  to  the  business  of  spawning;  and  thus  the 
flying-fish,  in  the  extremity  of  danger,  baffles  its  pursuer  by 
sprinnfing  aloft,  and  prolongs  its  oblique  course  through  the  wr 
by  tlie  aid  of  its  outspread  pectorals.  When  the  anterior  por- 
tions of  the  groat  lat<  ml  ma.«isacs  act  from  the  trunk  as  a  fixed 
point  upon  the  head,  they  move  it  rapidly  ami  ibrcibly  from  side 
to  side  :  in  thiP  way  the  Siluri  deal  severe  l)h)ws  with  their  otit- 
stretclied  serrated  pectoral  spines ;  thus  the  Percoid  and  Cottoid 
Fishes  strike  with  their  opercular  spines ;  and  so  likewise  may 
the  Saw-fish  {JPHstis)  and  Sword-fish  {Xiphias)  wield  their  for- 
midable weapons,  although  their  deadly  cut  or  |hrust  is  commonly 
delivered  with  the  whole  impetus  of  the  onward  course,  the  hesd 
being  rigidly  fixed  upon  the  trunk. 

The  supracarinales,  combining  with  the  dorsal  portions  of  the 
myocommata,  give  tension  to  the  region  of  the  back,  slightly 
raise  the  tail,  and  depress  the  dorsal  fins.  The  infracarinales,  in 
combination  with  the  retractores  pubis,  tend  to  coni|jiess  the 
abdomen,  to  constrict  the  anus,  anil  to  depress  the  tail. 

The  nniscles  of  the  ))ectoral  fins,  thon<rli,  compared  with  those 
of  the  lioinoloixous  menil)ers  in  hifjher  Verte))rates,  thev  are  very 
«?mall,  few,  and  simpk',  yet  sutHce  tor  all  the  requisite  movements 
of  the  fins;  elevating,  depressing,  advancing,  and  again  laying 
them  prone  and  fiat,  by  an  oblique  stroke,  upon  the  sides  of  the 
body.  The  rays  or  digits  of  both  pectorab  and  ventrals,  as  well 
as  those  of  the  median  fins,  can  be  divaricated  and  approximated, 
the  intervening  webs  spread  out  or  folded  up,  and  the  extent  of 
surface  required  to  react  upon  the  ambient  medium  in  each  change 
and  degree  of  motion,  can  be  duly  regulated  at  pleasure. 

In  the  ordinary  forward  movement  the  tail  first  bends  from  the 
vertebral  axis,  which  is  the  axis  of  motion,  fig.  159,  /,  </,  to  fl- 
During  this  action  the  centre  of  gravity,  c,  slightlv  recedes. 
From  a  the  tail  is  next  forcibly  bent  by  the  mns^  ks  on  the 
oj>j>osite  side,  in  the  direct iun  of  the  line  at.  The  force  of  the 
action  ufion  the  water  in  a  i  is  translated  t«>  th(;  body  in  i  ^» 
causing  the  centre  of  gravity,  c,  to  move  obliquely  forward,  in 
the  dircctiuu  of  c  h,  parallel  to  t  a.    The  tail,  continuing  >^ 
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flexion  in  e  o,  acte  backward,  in  the  direction  of  o  e;  having 
reached  the  point  o,  it  is  again  forcibly  bent  in  the  line  o  e, 
causing  an  impulse  on  the  eentre  of  gravity  in  c  b,  parallel  to  oe; 
if  the  two  forces  c  h  and  c  b  acted  simul- 
taneously, we  should  obtain  the  resultant 
cf  \  but,  as  they  do  not,  the  point  c  will 
not  move  exactly  in  the  line  cjf,  but  in  a 
carved  line,  evenly  between  dcf  and  a  line 
drawn  parallel  to  it  through  h.  The  fish 
being  in  motion,  the  tail  describes  the  arc 
of  an  ellipse ;  whereas,  if  it  were  station- 
ary, it  would  describe  the  are  of  a  circle. 
The  power  of  varying  tlie  puiiitiuu  and  ex- 
panse of  the  tail-fin  during  the  side-strokes 
complicates  the  problem  :  its  plane  may  be 
perpendieiilar  to  the  stroke  s  tllreetion,  and 
its  expansion  greatest  at  the  beginning  of 
the  stroke,  as  in  a  i ;  and  it  may  be  oblique 
to  the  direction  of  the  rest  of  the  stroke, 
as  in  e  o,  with  contraction  of  the  surface.  It 
must,  furtlier,  be  considered  that  the  water 
having  been  set  in  motion  by  flexion  in  one  direction,  produces, 
when  meeting  the  tail  moving  in  the  opix)8ite  direction,  a  resis- 
tance proportional  to  the  sum  of  the  squares  of  the  two  velocities. 

The  shape  of  the  caudal  fin  varies  much  in  fishes,  according 
to  the  kind  and  degree  of  motion  required :  in  the  imprisoned 
embrvo,  or  newlv-hatched  fry,  in  the  ionic  and  slender  undulatinor 
eel,  in  the  sluggish  Lepidosiren,  the  vcrtebra3  continue  to  the  end 
of  the  bodv  in  a  straight  line,  distinct,  and  decreasing  to  a  point; 
and  tlie  tali  i»  Ijordered  above  and  below  i>y  a  vertical  fob!  of 
>\^\n  ;  terminating  either  in  a  point,  as  in  fig.  100,  or  obtusely. 
►Such  fold  or  fin  is  symmetrical,  but  not  *  homocercal.' *  The 
vertic:d  folds  deepen;  at  first,  in  some  Plagiostomes,  e.  g., 
equably,  forming  a  terminal  lobe  j  then  excessively,  in  the  lower 
or  hssmal  fold,  with  the  developement  therein  of  rays,  and  with  an 
upward  or  neliral  inclination  of  the  supporting  vertebra.  Shorter 
niys  aie  developed  in  the  shallower  neural  fold,  which  terminates 
At  the  pointed  end  of  the  vertebral  series.  The  anterior  rays  of 
the  hflsmal  fold,  which  are  the  longest,  form  a  second  point.  The 
twl^fin  is  thus  bifurcate,  but  unsymmetrical ;  and  tiiis  stage  of 

'  I^r  tills  latter  term  M.  Agassi/.  sij;;iiifio«  n  ^nhfpqnent  pradc  of  modification  nnd 
developenu-nt,  and  a  irr  ivc  fallftcy  lurks  in  its  iius.ip[iliciition  to  tUccoiniaoa  eiobrjronaJ 
WoUitioo  of  the  uui-liu  lu  Fiahes,  as  bjr  the  Author  oi  cxcvin. 
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deTelopement  is  termed  the  *  heterooercal '  one.  It  is  shown  by 
the  Sturgeon,  fig.  29,  and  by  the  Chim»ia8  and  Sharks  of  the 
present  dsiy.  It  was  the  fashion  of  tail  (fig.  127)  which  prevailed 
in  Fishes  throughout  the  palieozoic  and  triassic  periods. 

In  some  oolitic  fislies  first  is  observed  such  a  lengthening  of 
the  (lennoiK'nmls  of  tho  tail.,  with  such  a  shortening  ami  running 
together  of  the  tenuinal  vertc'})ra),  and  such  a  ])roportion  of  the 
dermnliii  nmls,  as  leads  to  an  cqual-lobed  caudal  fin,  which  has 
been  ti  niuni  *  homocercal  ; '  but  as  it  is  only  symmetrical  in 
contour,  and  remains  more  or  less  unsymmctrical  in  its  frame- 
work, I  term  it  *  homocercoid.'  The  ganoid  fishes  of  the  mesozoic 
periods  manifest  several  interesting  gradations  of  this  transitional 
state  from  the  hetero-  to  the  true  homo-cercal  form,  each  step 
being  a  permanent  character  of  the  extinct  species  presenting  it. 
The  embryos  and  young  of  SalnumidaSf  of  most  Maiaeapteri,  and 
of  many  Aeanihopteri^  go  through  closely  analogous  stages  to 
those  which  were  permanent  in  extinct  fishes;  and  the  slight 
upward  twist  of  the  coalesced  terminal  caudals^  and  the  inequality 
of  its  upper  and  lower  lobes,  indicate  the  fact  in  the  symmetrically- 
shaped  '  homocercoid  '  tail-fin  uf  the  adults.*  In  the  Anacanthini, 
fig.  34,  and  Scotnbcroids,  fig.  33,  the  terminal  tail-vertebra?  shrink 
and  coalesce  in  the  line  ui  the  trunkV  axis;  the  dermon< mal  and 
dermobiemal  rays  are  equally  deve]o])ed,  and  a  truly  synuiietrical 
or  '  honiocercal '  caudal  fin  isi  the  result ;  and  tliis  is  the  latest 
and  greatest  modification  oi  the  organ.  The  majority  of  existing 
spncies  of  bony  fishes  indicate,  iu  the  course  of  their  acquisition  of 
the  symmetrical  tail-fin,  the  heterocercal  stages  at  which  it  is  seve- 
rally arrested  in  dififerent  older  extinct  species,  doubtless  in  close 
relation  with  the  power  and  kind  of  swimming  required  by  each. 

The  heterocercid  tail  helps  the  fish  to  vary  its  onward  course. 
The  Shark  wheels  about  in  pursuit  of  prey,  and  rotates  the  trunk, 
to  bring  the  inferiorly-o])ening  mouth  to  bear  upon  the  victam. 
The  Sturgeon  maintains  its  body  in  the  oblique  position  while 
upturning  the  muddy  bottom  of  the  strongly-running  stream,  and 
avoids,  by  deftly  bending  to  right  or  left,  the  drift  bodies  that  are 
hurried  down  the  river.  The  houux  ereal  tail  is  a  mure  eilective 
form  for  a  straight  forward  rush.  When  it  is  truncate  and  tri- 
ani^ular,  the  a]>ex  Ix'lng  the  ecntre  of  motion,  the  centre  of  force 
is  three-fourths  the  distance  ol"  its  base  from  the  axis  of  oscillation, 
and  the  muscles  of  the  tail  act  at  a  corresponding  disadvantage. 
When  the  tail  is  forked,  as  in  fig.  33,  thcT  area  is  in  the  inverse 

•  S«e  tbe  penitt6nt « tnm  of  the  emlwjoiul  ]i«l«roeere«l  form  of  Cho  tail  *'  in  iIm 
8ea*perch  (CaUnpriBtU gigat,  Ow«b),  No.  191,  jk.  61,  zur. 
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ratio  of  the  distance  from  the  centre  of  <^ravity,  and  the  centre  of 
fi)rix*  is  one-half  the  distance  from  the  coiitre  of  motion ;  conse- 
quent Iv  the  fisheb  .so  endowed  have  the  irrcatest  velocity.  It  is 
such  in  the  Sword-fisli  as  to  enahle  it  to  drive  its  rostral  weapon 
through  a  ship's  timhera  with  the  force  of  a  cannon  ball  —  for 
example,  through  fourteen  inches  of  oak,  after  penetrating  the 
copper  sheathing,  four  inches  of  deal,  and  a  layer  of  felt.* 

As  most  fishes  require  to  sustain  themselves  above  the  bed  or 
bottom  of  their  rivers^  lakes,  or  seas,  and  as  their  specific  gravity 
is  greater  than  that  of  water,  they  are  commonly  provided  with 
an  air-bladder,  situated  immediately  under  the  spine,  and  above 
ihe  centre  of  gravity,  and  usually  accompanied  with  powers  of 
renewinnf.  expelliniL:;,  compressing,  and  dilating  its  gaseous  coiitentij. 
This  hydrostatic  ap|)aratus  thus  becomes  an  important  auxiliary 
organ  oi"  ]< K-nnjotion. 

The  Diodons  and  Irodons  fill  nii  Imnieiise  exjmrisioii  of  the 
ff*«iopha«^us  by  swallowing:  air;  and  as  this  lies  helow  the  centre  of 
gravity,  the  body,  so  inflated,  rolls  over,  and  they  are  drifted, 
passively,  back  downward,  by  the  winds  and  currents. 

The  air-bladder  is  absent  in  JJermopteri,  J^offiostomi,  Pleura~ 
necHdiB;  and  such  fishes,  unless  endowed  with  compensating 
powers  and  proportions  of  body  and  fins,  as  in  the  Sharks, 
habitually  grovel  at  the  bottom,  and  exhibit  flattened  forms  of 
body,  as  in  the  Bays  and  Flounders* 

With  the  exception  of  the  above-described  modifications  of  a 
few  terminal  vertebrae,  those  of  the  trunk  remain  throu^liont  life 
distinct  tVoni  one  another  in  Fislics,  as  thcv  orimnallv  are  in  the 
emhrvos  of  all  higher  Vertebrates.  Tlie  ct)nHueHee  of  vertel)ra? 
at  the  base  of  the  tail  wonhl  liave  ))een  a  hindraru'e  to  the 
required  movements  (»f  such  part  of  the  spine  m  crealm  i  -  which 
progress  by  alternate  vigorous  inflections  of  a  muscular  taii.  A 
i^;ici-um  is  a  consolidation  of  a  greater  or  less  proportion  of  the 
vertel)ral  axis  for  the  transference  of  more  or  less  of  the  weight 
of  the  body  upon  limbs  organised  for  its  support  on  dry  land ; 
such  a  mo^cation  would  have  been  useless  to  tiie  fish,  and  not 
only  useless,  but  a  defect. 

The  pectoral  fins — those  ciurtailed  prototypes  of  tiie  fore-limbs 
of  other  Vertebrata,  with  the  last  segment,  or  hand,  alone  pro- 
jecting freely  from  the  trunk,  and  swatiied  in  a  common  undivided 
tcgumentary  sheath — present  a  condition  analogous  to  that  of 
tbe  embryo  buds  uf  the  homologous  members  in  the  higher  Ver- 

'  Sec  the  Fpcclincn  in  the  Mmenm  of  the  Bojal  Coll^;o  of  Sorgeoni,  London, 
deicribed  in  czcr.  p.  5. 
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tebrata.  But  what  would  have  been  the  effect  if  both  arm  and 
fore^arm  had  also  extended  freely  from  the  ride  of  the  fish^  and 
dangled  as  a  long  flexible  many-jointed  appendage  in  the  water ! 

This  higher  developement,  as  it  is  termed,  in  relation  to  the  j)re- 
hensile  limb  of  the  denizen  of  dr\  Ian  i,  would  have  been  an  inai- 
perfeetion  in  the  strneture  of  the  creature  which  is  to  derive  the 
liquid  clement :  in  it,  tlierefore,  the  fore  iinih  is  reduced  to  the 
smallest  proporti(»ns  consistent  with  its  required  function?;  :  the 
brachial  and  anti  brachial  segments  are  abrogated,  or  hidden  in  the 
tnirdv :  the  hand  alone  projects  and  can  be  applied,  when  the  fish 
darts  forward^  prone  and  flat,  by  flexion  of  the  wrbt,  to  the  side 
of  the  trunk ;  or  it  may  be  extended  at  right  angles^  with  its  flat 
surflMses  turned  forward  and  backward,  80  aa  to  check  and  arrest 
more  or  less  8uddenly>  according  to  its  degree  of  extension,  the 
progress  of  the  fish;  its  breadth  may  idso  be  diminished  or 
increased  by  approximating  or  divaricating  the  rays.    In  the  act 
of  flexion,  the  fin  slightly  rotates  and  gives  an  oblique  stroke 
to  the  water.    If  one  of  the  pectorals  be  extended,  it  will  turn 
tlie  fish  in  a  eur\  e  towards  that  side :   if  the  other  only,  it 
will  turn  it  on  the  op)>osite  side:  they  thns  act  as  a  rud  It  r.  For 
tliesse  functions,  however,  the   hand   requires  as    nuieh  extra 
developement  in  breadth,  as  reduction  in  length  and  thickness  ; 
and  this  is  gained  by  the  addition  of  ten,  twenty,  or  it  may  be 
even  a  hundred  digital  rays,  beyond  the  number  to  which  the 
fingers  are  restricted,  in  the  hand  of  the  higher  classes  of  Verte- 
brata.    We  find,  moreover,  as  niunerous  and  striking  modifi- 
cations of  the  ]>ectoral  fins,  in  adjustment  to  the  peculiar  habits 
of  the  species  in  Fishes,  as  we  do  of  the  fore  limbs  in  any  of  the 
higher  cksses.    This  fin  may  wield  a  formidable  and  special 
weapon  of  offence,  as  in  many  Siluroid  fishes.    But  the  modified 
hands  have  a  more  constant  secondary  office,  that  of  touch,  and 
are  applied  to  ascertain  the  nature  of  surrounding  objects,  and 
particularly  the  character  of  the  bottom  of  .the  water  in  which  the 
fish  may  live.    The  tactile  action  of  the  pectoral  fins  may  be 
witnessed  when  gold  fish  are  transferred  to  a  strange  vessel ;  they 
compress  their  air-bladder,  and  allow  theiuselves  to  sink  near  the 
bottom,  which  they  sweep  as  it  were,  by  ra|)id  and  delicate  vibra^ 
tions  of  the  pectoral  fins,  a])|»arcntly  ascertaining  that  no  sharp 
stone  or  stick  projects  upwards,  which  might  injure  them  in  their 
rapid  movements  round  their  prison.    If  the  pectorals  are  to 
perform  a  special  oflice  of  exploration,  certain  digits  are  libeiuted 
from  the  web,  and  are  specify  endowed  with  nervous  power  for 
a  finer  sense  of  touch,  as  we  see  in  the  Gurnards,  fig,  82 ;  in 
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which  they  also  serve  as  limbs  to  creep  along  the  bottom^  when 
the  fish  is  explorinnr  the  sand  with  its  mailed  mouth. 

Some  Gobioids  (Perioptiialmtiis)  can  iiric  their  muscular  pccto- 
TixU  to  shuffle  along  the  Bhore,  ur  limit  tor  iii^iccts  in  Innnid  places.' 
Certain  Lo[)lnoi(l8  living  on  pand-banks  tliat  are  left  dry  at  low 
water  arc  enabled  to  hop  alter  the  retreating  tide  hy  a  ppecial 
prolongation  of  the  carpal  joint  of  the  pectoral  fin,  fig.  102  ;  wliieh 
liu  in  these  '  frog-fishes^  projects  like  the  limb  of  a  terrestrial 
quadruped,  and  presents  two  distinct  segments  clear  of  the  trunk. 

The  sharks,  whose  form  of  body  and  strength  of  tail  enable 
them  to  swim  near  the  sur&ce  of  the  ocean,  are  fnrther  adapted 
for  this  sphere  of  activity  and  compensated  for  the  absence  of  an 
air-bladder  by  the  large  proportional  size  and  strength  of  their 
pectoral  fins,  figs.  30,  104,  which  take  a  greater  share  in  their 
active  and  varied  evolutions  than  they  can  do  in  ordinary  fishes. 

The  flat-bodied  Rays,  equally  devoid  of  an  air-bladder,  and 
with  a  long  and  slender  tail,  deprived  ui'  itd  ordinary  propelling 
powers,  grovel  at  the  bottom;  but  have  a  still  greater  develope- 
ment  of  the  hands,  fig.  64,  !2,  12,  which  surpass  in  breadth  the 
whole  trunk,  and  reaet  with  greater  force  upon  it  in  raising  it 
from  the  bottom,  by  virtue  of  a  special  modificatit)n  of  the  scapular 
arch,  which  is  directly  attached  to  the  dorsal  vertebrae. 

Nor  is  the  pectoral  member  restricted  in  length  where  its 
office,  in  subserviency  to  the  special  exigencies  of  the  fish, 
demands  a  developement  in  that  direction;  the  fingers  of  the 
Exocmtus  and  DaetylopteruM^  are  as  long,  and  the  web  which  they 
sustain  as  broad,  as  in  the  expanded  wing  of  the  flying  mammal. 
Everywhere,  whatever  resemblance  or  analogy  we  may  perceive 
in  the  ichthyic  modifications  of  the  Vertebrate  skeleton  to  the 
lower  forms  or  tbe  enil)rvus  of  the  hii'lier  classes,  we  shall  find 
such  analogies  to  be  the  result  of  special  adnptations  for  the  pur- 
pose or  function  lur  which  that  part  of  the  tisli  id  designed. 

The  ventral  fins  or  homob^frucs  of  tiie  hind-legs  are  still  more 
rudimental — still  more  embryonic,  having  in  view  the  comparison 
with  the  stages  of  developement  in  a  land  animal — than  the  \  ec- 
toral  fins ;  and  their  small  proportional  size  reminds  the  homologist 
of  the  later  appearance  of  the  hind  limbs,  in  ^e  developement  of 
the  land  Vertebrate.  But  the  hind  limbs  more  immediately  relate 
to  the  support  and  i)rogression  of  an  animal  on  dry  land  than  the 
fore  limliA :  the  legs  are  the  sole  terrestrial  locomotive  organs  in 
Birds,  whose  fore  limbs  are  exclusively  modified,  as  wings,  for 
motion  in  another  element.    The  legs  are  the  sole  organ  of  sup- 

'  cLXXiv.  vol.  iii.  p.  97. 
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port  and  pronrression  in  Man,  who>e  pectoral  mcmbera  or  anns 
are  liberated  from  that  office,  and  made  entirely  Babsendent  to 
the  varied  purposes  to  which  an  inventiTe  faculty  and  an  intel- 
ligent will  would  apply  thenu  To  what  purpoee,  tlien>  encumber 
a  creature,  always  floating  in  a  medium  of  nearly  the  same  specific 
gravity  as  itseU't  with  hind  limbs?  They  could  be  of  no  use: 
nay,  to  creatures  that  can  only  attun  their  prey,  or  escape  thdr 
enemy,  by  vigorous  alternate  strokes  of  the  liind  part  of  the 
trunk,  the  attachment  there  of  long  Hcxible  lliiil)s  would  be  a 
grievous  IniuUaiice,  a  very  moui^trosity.  So,  therefore,  we  find 
the  d('vc'lo])ement  and  connections  of  the  hind  rnii}»>  of  Fishes, 
figs.  29,  34,  3S,  64,  Y,  restricted  to  tlie  (linieusioiis  and  lorni 
which,  whilst  suited  to  the  limited  functions  they  are  capable  of 
in  this  class,  would  prevent  their  interfering  with  the  action  of 
more  important  parts  of  the  locomotive  machinery. 

The  plane  of  eaeh  ventral  fin  being  horizontal,  at  right  angles 
to  that  of  the  caudal  fin,  their  action  serves  to  balance  tiie  body, 
to  incline  it  on  either  side  when  one  fln  only  acts,  and  to  elevate 
or  depress  the  fish  by  their  joint  effort 

In  most  fishes  the  ventral  fins  merely  combine  with  the  pectonl 
fins  in  raising  the  body,  and  in  preventing,  as  outriggers,  tiie  roll- 
ing movement :  but  some  interesting  modifications  in  relation  to 
particular  habits  of  certain  speciop  liave  ])revioubiy  been  [K)inted 
out  (p.  180).  In  the  long-lxxlKd  and  small-headed  abdominal 
fishes,  the  vontnds  are  situated  near  the  anus,  where  they  best 
subserve  the  office  of  accessory  balancers ;  in  the  larixe-bcaded 
thoracic  and  jugular  fishes,  the  loose  suspensiou  of  these  ian^^,  and 
the  absence  of  any  connection  with  a  sacral  part  of  the  vertebral 
column,  permits  their  transference  forward,  to  aid  the  pectoral 
fins  in  raising  the  head. 

The  planes  of  the  dorsal,  figs.  24,  39,  d,  and  anal,  ib.  A,  ^ 
are  in  that  of  the  mesial  longitudinal  section,  and  their  movements 
are  usually  restricted  to  elevation  and  depression.  They  accoid- 
insW  increase  or  <1imiTii«h  the  lateral  surfaces  of  tiie  fish,  cor- 
recting  any  tendency  to  oscillate  laterally,  or  to  turn  upside 
down,  as  the  body  would  do  without  some  muscular  eifort,  since 
in  the  orJluury  posture,  back  upward,  the  eentre  oi'  <^r.\\iiyhe8 
abt>ve  the  centre  oi'  figure.  AVheu  the  fins  colla|>se  and  the  nms- 
eular  action  ceases,  as  in  death,  the  fish  floats  belly  upward. 
However,  in  some  singular  excc])tions,  e.  g.  the  Sun-fish,  the  dorsal 
and  anal  fins  are  unusually  extended,  and  take  a  more  direct  >Iu\re, 
by  lateral  undulating  movements,  in  the  locomotion  of  the  fish. 

In  ordinary  shaped  Osseous  Fishes,  if  the  dorsal  and  anal  fins  be 
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cut  oft',  the  fish  reels  to  the  rii^ht  and  left.  If  the  peetorals  be  cut 
oif  in  a  Perch  or  (  ilicr  hig-headed  fisli,  the  head  sinks;  if  one 
pectoral  bo  cut  ott,  the  fi?^h  leans  to  tliat  hide;  if  the  ventral  of 
the  same  side  be  also  reriio%  ed,  the  fish  loses  its  equilibrium ; 
ii*  the  tail  be  cut  off,  the  locomotive  power  is  abrogated. 

I  49.  jLoe&mation  of  Serpents,  —  The  sole  locomotive  organs  in 
serpents  arc  the  vertebral  column,  with  its  muscles^  and  the  large 
stiff  erectile  epidermal  scutes  crossing  the  under  surface  of  the  body. 

Although  thevertebne  have  synovial  cup-and-ball  terminal  joints, 
their  reciprocal  movements  are  greatly  restricted  by  the  *  tenon- 
and-mortice  *  articulations  of  the  double  zygapophyses  at  each  end, 
of  which  the  inferior  have  flat  horizontid  surfaces,  the  superior 
slightly  oblique  planes.  But  as  a  single  segment  of  the  back- 
bone may  be  but  part  of  tlie  length  of  the  body,  the  sum  of 
the  small  movements  between  two  vertebrae  becomes  considerable 
in  a  certain  extent  of*  the  long  trunk. 

A  serpent  may,  hctwever,  be  seen  to  progress  without  any 
iutleetiou8,  glidi?\g  slowly,  with  a  ghost-like  nioveniint,  in  a 
straight  line,    if  the  observer  have  the  nerve  to  lay  his  hand  flat 
in  the  reptile's  course,  he  will  feel,  as  the  l)ody  glides  over  the 
palm,  the  surface  pressed,  as  it  were,  by  the  edges  of  a  close-set 
series  of  paper-knives,  successively  falling  flat  after  such  ap])lica- 
tion.    The  skin  of  the  band  has  been  seized,  so  to  speak,  by  the 
edges  of  the  stiff,  short,  but  broad,  transverse,  homy,  ventral 
scutes,  erected  or  made  vertical  for  that  purpose,  and  folding  flat 
upon  the  body  when  the  effect  of  the  resistance  has  been  gained* 
Each  scute  having  secured  a  fulcrum  in  the  plane  of  motion,  the 
ribs  connected  with  it  rotate,  ami  transmit  the  movement  upon 
the  trunk ;  it  is,  in  fact,  a  step  whose  length  depends  on  the  arc 
through  which  the  pair  of  ribs  may  oscillate  and  on  the  distances  of 
the  scutes  from  tiie  axes  of  motion.    A»  both  these  are  Bnialb  and 
tlie  motion  has  to  be  transmitted  by  the  succession  of  short  scntal 
ste(>s  through  the  whole  length  of  the  body,  this  first  kind  of 
progression  is  slow  and  gliding. 

A  second  and  swifter  mode  of  locomotion  on  land  is  by  succes- 
sively bending  and  straightening  portions  of  the  body.  Extension 
wUl  carry  the  straightened  part  forward  in  the  direction  of  least 
i^esistance.  If  most  resistance  he  made  by  the  point  of  the 
^»  fig.  160,  €,  or  by  the  application  to  the  ground  of  the  edges 
^  the  erect  scutes,  hetween  d  and  the  extension  of  a  c  will 
Wry  the  head  to  h,  the  smooth  overlapping  unerected  scutes 
hetween  a  and  d  i\i\  oui  \i\<x  the  furu  ard  m(»vcmcnt  ;  and  this  being 
effected,  and  the  ground  grasped  by  the  erection  of  the  scutes 
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between  a  and  r,  flexion  of  the  rest  of  the  Vxxly  will  draw  forward 
the  tail,  as  from  h  to  r.  As  the  extent  of  the  flexion  of,  say  a 
fourth  part  of  the  body,  exceedis  the  space  through  which  a  sin^^le 
Bcute  is  moved  in  erection,  so  does  this  mode  of  motion  greatly 
exceed  in  swiftneas  the  preceding.  And  this  swiftnesa  is  accele- 
rated when  the  serpent  raises  the  body,  in  arched  ciiryes^from  the 
ground^  increasing  their  span,  and  progroBsing  in  a  yerticallj, 
instead  of  a  horizontally^  undulating  oourse ;  when,  by  augmented 
vigour  of  the  muscular  actions,  the  whole  trunk  may  be  raised 
into  a  single  are,  and  the  movement  acquire  the  character  of  a 
leap.  Thus  the  body  being  bent,  whilst  the  neck-scutes  fix  the 
head,  as  at  h,  the  tail  wiU  advance  from  a  to  fig.  161 ;  when, 
being  fixed  there  by  the  subcaudal  scutes,  extension  will  carry 
the  head  forward  to  d,  and  the  serpent  will  have  a  h  luiced  by  the 
two  actions  of  flexion  and  extension  through  a  6])ace  e(]nal  to  a  e 
or  h  h.  But,  if  the  act  of  extension  be  vigorous  and  sndden, 
and  an  equivalent  fnlcrnm  ])e  aiiurded  hy  the  tail,  the  whole  lx>dy 
may  be  carried  forward,  aa  by  a  leap,  farther  than  its  own  length. 
For  the  saltatory  motion,  however,  the  mechamsm  of  a  spiral 
spring  is  commonly  simulated ;  the  whole  body  is  bent  into  a 
series  of  close-set  coils,  the  sudden  extension  of  which,  reacting 
upon  the  point  of  earth  against  which  the  tail  presses,  throws  the 
serpent  obliquely  forward  into  the  air.  In  all  these  movements 
the  curve  is  essentially  lateral;  the  amount  of  rotation  between 
the  smaller  vertebrae^  at  the  two  extremes  of  the  body,  permits 
the  flexion  of  the  interme^ate  joints  to  assume,  as  in  fig.  Ifil,  the 
vertical  position.  There  is  no  natural  undulation  of  the  body 
upward  and  downward  —  it  can  take  place  only  from  side  to  side. 
So  closely  and  cuiiipactly  do  the  ten  pairs  of  joints  between  each 
of  the  two  hundred  or  throa  hundred  vertebras  fit  toixethcr,  that 
even  in  the  relaxed  and  dead  state  the  bodv  eannot  he  twisted. 
If  the  attempt  at  rotation  be  made  at  the  end  of  the  tail  on  a 
dead  snake  outstretched,  the  part  grasped  may  be  half-twisted; 
but  the  rest  of  the  trunk  will  turn  over,  rigid,  like  a  stick. 

Serpents  derive  the  same  advantage  firom  their  lungs  in  water 
as  eels  from  their  swim-bladder,  the  air-receptacles  in  both  being 
much  alike,  and  placed  above  the  centre  of  gravity.  They  pro- 
gress by  a  similar  series  of  successive  lateral  undulations,  gene- 
ratmg  a  surplus  force  in  the  moving  body  equal  to  the  difference 
between  the  force  of  the  locomotive  organs  and  the  resistance 
of  the  medium.  In  water-snakes  this  resistance  is  made  more 
effective  by  the  lateral  flattening  or  compression  of  the  tail,  which 
can  be  drawn  forward  edgewise,  and  flapped  back  breadtliwise* 
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Serpents  climb  trees  by  the  same  mechanism  and  actions  as  in 
the  first  kind  of  locomotion ;  the  edges  of  the  erected  scutes 
laying  hold  of  the  bark  in  succession,  as  the  body  glides  spirally  up 
tke  bougL  The  tail  has  a  prehensile  faculty,  especially  exercised 
by  the  great  Constrictorswhile  waiting  for  their  prey. 
They  instinctiyely  select  a  tree  at  the  port  of  the 
stream  easiest  of  access  to  the  thirsty  mammals  of 
the  fbrest>  and  suspend  themselyes,  like  a  parasitic 
creeper^  from  an  overhanging  branchy  the  head  and 
fore-part  of  the  body  being  ftrnted  by  the  bladdeiv 
like  lungs  upon  the  stream. 

Serpents  are  too  commonly  looked  down  upou  as 
aniiiials  dejjraded  from  a  higher  type ;   but  their 
whole  organisation,  and  especially  their  bony  struc- 
ture, demonstrate  tliat  their  parts  are  as  ex(inisitcly 
mljusted  to  the  form  of  their  whole,  and  to  their 
habits  and  sphere  of  life>  as  is  the  organisation  of 
any  aninud  which  we  call  superior  to  them.  It 
is  true  that  the  serpent  has  no  limbs,  yet  it  can 
outclimb  the  monkey»  outswim  the  fish,  outleap  the 
jerboa,  and,  suddenly  loosing  the  close  coils  of  its 
crouching  spiral,  it  can  spring  into  the  air  and  seize 
the  bird  upon  the  wing :  all  these  creatures  have 
been  observed  to  fall  its  prey.    The  serpent  has 
neither  hands  nor  talons,  yet  it  can  outwrestle  the 
athlete,  and  crush  the  tiger  in  the  embrace  of  its 
ponderous  ovcrlapj^ing  folds;    Instead  of  licking  up 
its  food  an  it  glides  along,  the  serpent  uplifts  its 
crushed  |)rpy,  and  presents  it,  gras|)cd  in  the  deatli- 
coil  as  in  a  hand,  to  its  slimy  gaping  mouth. 

It  is  truly  wonderful  to  see  the  work  of  hands,  feet,  and 
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fins,  performed  by  a  modification  of  the  vertebral  column  —  by 
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n  mnltiplication  of  its  scn^ineiits  with  mobility  of  its  rll)3  But  the 
vertebras  are  specially  nKxlified,  to  compensate,  by  the  strength  of 
their  numerous  articulations,  for  the  weakness  of  their  manifold 
repetition,  and  the  consequent  elongation  of  the  slender  column. 
As  serpents  move  chiefly  on  the  surface  of  the  earth,  their  danger 
is  greatest  from  pressure  and  blows  from  above ;  all  the  joints  are 
fashioned  accordingly  to  resist  yielding,  and  sustain  pressure  in  a 
vertical  direction, 

{  £0.  Locomotion  of  limbed  Reptiles, — The  fish-like  Batrachia 
move  m  water  by  means  of  the  lateral  inflections  of  the  hinder- 
half  of  the  trunk,  which  is  coiujnesseil  and  extended  vertically 
by  a,  marginal  tcgimu  ntary  fin.  The  parial  limbs  are  small  and 
feeble:  they  are  limited,  in  tlie  aniphihioiis  Siren,  to  the  pectoral 
rcuinii,  and  to  the  I'unction  of  riiislug  the  head  and  fore-part  of 
the  trunk  upon  the  bank  or  shore.  In  tlie  rest  of  the  order 
both  pairs  are  present :  in  the  Ampbitiine  they  are  too  leeble  to 
suggest  any  particular  locomotive  function ;  but  they  subserve, 
when  somewhat  more  developed,  a  slow  and  awkward  reptation, 
as  in  the  Menopoine  and  Newt  In  the  Land-Salamander,  fig. 
140,  they  acquire  the  due  strength  for  terrestrial  progression,  and 
the  tail  is  shortened  and  round^.  In  the  Toads  and  Frogs  the 
tail  is  absorbed,  and  the  legs  lengthened  and  strengthened,  espe- 
cially the  hinder  pair ;  but  with  an  outward  direction  from  the 
body,  and  a  position  too  horizontal  to  enable  than  to  raise  or 
support  it  above  the  ground. 

The  Frog,  in  repose,  assumes  a  sitting  posture,  the  tlilgbs 
turned  outward  ami  forward,  the  legs  bent  backward,  and  the 
lengthened  tarsi  and  feet  directed  forward.  The  fore-j)art  of 
the  trunk  propped  np  by  the  lure  limbs,  at  an  angle  of  4.5'*, 
with  the  base  between  the  hind  limbs,  which,  in  their  state  of 
flexion,  are  ready  on  the  least  alann  to  project  the  body  forward 
by  their  sudden  extension.  The  shoulder-joints  of  the  limbs 
that  receive  the  shock  on  alighting  from  the  leap  are  strei^th- 
ened  by  an  interarticular  ligament.  The  great  Bull-Frog  may 
clear  six  feet  at  a  leap,  and  repeat  them  so  rapidly  as  to  escape  a 
pursuer^  unless  chased  at  a  great  distance  from  the  water.  Both 
fore  and  hind  feet  are  webbed  for  swimming,  which  is  chiefly 
efiected  by  strokes  of  the  strong  hind  limbs.  The  kige  Indian 
fit)g  (Rana  tigrina)  is  said  to  be  able  to  run  along  the  sur&ce  of 
ihe  water  for  a  short  distance. 

The  Trec-Frogs  (////la)  have  a  concave  disc  at  the  end  of 
each  toe,  for  cliuibing  and  adlieriug  to  the  bark  and  leaves  of 
trees. 
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Toads,  with  semi  palmate  feet,  have  an  awkward,  but  not  always 

slow,  progression  on  land  by  alternate  movements  of  the  limbs. 

Some  species  are  enabled,  by  peculiar  tubercles  or  projections 

from  the  palm  or  sole,  to  clamber  uj)  old  walls. 

But  the  mo8t  remarkable  climbers  in  the  reptilian  class  are 

certain  lizards,  especially  those  called  *  Geckos.'    Each  foot  has 

five  toes,  wliich  are  spread  wide  apart,  expanded  at  the  ends,  and 

terminated  by  a  slender  sharp  claw.    The  flattened  under  surface 

of  the  toe-pad,  fig.  162,  is  traversed  by  a  series  of 

transyersc  folds,  with  deep  interspaces;  the 

margins  of  the  folds^  when  applied  to  a  smooth 

surface^  adhere  thereto  hj  atmospheric  pressure, 

through  the  vacuum  caused  by  muscular  erec- 
tion of  the  foldsy  with  concomitant  expannon  of 

the  interspaces;  thus  the  animal,  alternately 
applying  and  releasing  its  suckers,  climbs  a 
vertical  wall  or  ])late  of  glass,  or  proceeds  along 
a  ceiling  with  its  back  downward. 

For  climbing  trees  the  adjustment  of  the  toes 
in  opposition  to  each  other,  in  equal  or  sub- 
equal  groups,  as  already  described  in  the  Cha- 
meleon, pp.  175,  193,  figs.  119,  123,  is  an 
effective  modification.  In  this  reptile  the  limbs 
are  short  and  strong,  and  a  prehensile  tail  is  iteofoecko,au«a. 
added  to  the  scansorial  feet. 

Ordinary  lizards,  by  the  great  length  of  the  trunk  in  proportion 
to  its  breadth,  and  by  the  outward  extension  of  the  humerus  and 
femur,  are  under  un&vourable  mechanical  conditions  for  rapid 
course  upon  land.  Yet  such  is  the  energy  of  the  muscular  con- 
tractions in  some  species,  under  the  slamulus  of  solar  heat,  that 
they  are  deservedly  called  *  agile,'  and  *  dart.  *  out  of  view  in  the 
first  rush  from  a  pursuer.  They  have  not,  however,  the  j)Ower  of 
maintaining  the  exertion,  and  are  soon  overtaken,  if  they  ha})pen 
to  l)e  far  from  their  retreat.  The  swiftest  runners,  e.  g.  the  Tavhy- 
dromi,  have  the  fore  and  bind  limbs  least  ditlering  in  length,  and 
consequently  the  vertebral  column  most  parallel  with  the  plane  of 
motion. 

In  the  Crocodiles  the  fore  limbs  are  shorter  than  the  hind  ones, 
in  which  the  foot  is  longer  and  more  expanded,  so  as  to  present  a 
huger  surface  for  striking  the  water  in  swimming.  But  the  chief 
natatory  organ  in  these  large  amphibious  reptiles  is  the  long, 
compressed  taiL  In  the  act  of  swimming,  ^e  fore  limbs  are 
applied  flat  to  the  sides  of  the  body,  and  the  hind  ones  chiefly 
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used  in  modifying  the  course  through  the  water.    The  fore  limbs 

wore  shorter,  and  the  hind  limbs  longer  in  the  extinct  Crocodilia 
oi  marine  habits.  The  stitVne.ss  of  the  neck,  prixhiced  by  the 
overlap[>ing  of  the  expanded  cervical  ribs,  adds  to  the  power  of 
the  head  in  overcoming  the  resistance  of  the  water;  but  detracts, 

163 


njriny  lliird  ittmep  lotouX  Lmr.  oar. 

With  the  almost  inflexible  cuirasscd  trunk,  from  the  capacity  to 
capture  prey  on  land,  which  is  seldom  overtaken,  except  by  a 
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stralLilit-forwanl  ruA\ :  tlils,  lor  a  sliort  extent,  if?  danircroiisly 
rapid  ;  but  the  Crocodiles  are  most  ibrmidable  and  agile  in  their 
habitual  element  the  water. 

The  little  Draco  volans  has  a  body  which  rarely  exceeds 
1 10  grains  in  weight;  the  delicate  tegiimentary  parachute,  sustained 
by  the  long  slender  ribs,  fig.  163,  like  the  nervnres  of  the  insect's 
wing,  measures  about  five  square  inches — its  area  being  as  great 
in  proportion  to  the  weight  of  the  animal  as  that  of  the  wings  in 
many  birds.  But  the  muscular  apparatus^  a,  a,  subserves  only 
the  expansion  and  folding  up  of  the  membrane,  which  would 
seem,  therefore,  to  act,  if  the  animal  ever  leaps  into  air  or  darts 
through  that  element,  merely  a  sustaining  paraciiutc  to  break 
the  fall. 

The  Ke})tilia  in  wliich  the  fore  limb  was  developed  and  modilied, 
in  order  to  work  meinl>ranous  expansions  with  snffieicnt  foree  to 
raise  and  move  the  body  in  air,  ceased  to  exist,  aj)i>arently,  during 
the  deposition  of  the  cretaceous  bed?*,  prior  to  the  tertiary  epoch 
in  Geology.    We  learn  from  the  fossilized  remains  of  Ptero- 
dactyles,  that  the  weight  of  the  body,  compared  to  the  area  of 
tlieir  outspread  wings,  must  have  been  very  small,  fig.  Ill,  A;- 
that  the  bones  were  hght,  of  a  thin  but  compact  osseous  texture, 
permeated  by  air.    The  digit,  so  enormously  developed  for 
sustaining  the  main  part  of  the  wing,  fig.  Ill,  5,  was  restricted, 
like  the  antibrachium  in  birds,  to  movements  of  abduction  and 
adduction,  lying  along  the  ulnar  side  of  the  fore-arm,  and  reaching 
beyond  the  sacrum,  when  the  wing  was  folded.    The  proportion 
of  the  area  of  the  outstretched  wings  to  the  body  wa^  greater  in 
Pterodactyles  than  in  most  h'mh,  and  equalled  that  in  the  bats ; 
like  which,  the  Pterodactyles  would  alter  the  alar  area  by  alternate 
abduction  and  adduction  of  the  snstaiiiing  digit,  combined  with 
flexion  and  extension  of  the  arm  and  fore-arm. 

The  large  head  and  strong  neck  of  the  Pterodactyle  seem  to 
have  called  for  that  extension  and  forward  direction  of  the  anti- 
brachimn,  which  would  cause  the  centrcf^  of  _^ravity  and  magnitude 
to  be  more  in  advance  than  in  either  bird  or  bat.  Their  pelvic 
limbs  were  little  more  developed  than  in  Bats — must  have  been 
unequal  to  sustain  the  body — may  have  concurred  with  the  short 
unguiculate  digits  of  the  fore  Hmb,  fig.  Ill,  i,  s,  s,  4,  in  a  crawling 
progress  along  the  groimd  —  and,  being  terminated  by  toes  of 
equal  length,  probably  served,  as  in  bats,  to  suspend  the  body, 
head  downward,  during  sleep. 
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CHAPTER  IV- 

NEETOUS  8XST£M  OF  £L£MATOC&YA. 

§  51.  Nervous  tissues, —  Nervous  substaaoe^  like  miu9ciilar» 
ranks  with  the  most  complex  of  animal  tissues  in  chemical  con- 
stitution, and  possesses  the  greatest  atomic  weight :  but  the  albu- 
minons  form  of  proteine  here  prevails.  Nervous  tissue  presents 
two  formal  chanicters;  one  vesicular  and  grej  in  colour,  the 
other  fibrous  and  white :  but  the  nenrine  indosed  by  neurilemma 
being  softer  than  myonine,  and  leas  definite  in  arrangement  after 
death,  the  nerve-fibre  usually  appears  as  a  tube  with  white  contents. 

Nervous  substance  has  two  principal  dispositions ;  one  in 
masses,  called  'centres,'  the  other  in  threads,  called  'nerves/ 
The  centres  in  Vertebrate  anlnials  constitute,  according  to  their 
relative  size  or  position,  the  spinal  chord  (niyelon),  the  hrain 
(encephalniiY  and  gan<:;lions.  In  these  the  vesicular,  grey,  or 
d}Tiamic  form  of  tissue  i.s  assoeiated*  with  the  fibrous,  white,  or 
conductive  form.  Most  nerves  consist  of  the  white  fibres,  and  all 
are  intemuncial  in  office,  establishing  a  communication  between 
the  centres  and  the  various  parts  of  the  body. 

The  centres,  and  their  grey  or  vesicular  constituent  more 
especially,  appear  to  originate  the  nervous  force :  certain  nerves 
conduct  it  to  the  tissues,  principally  muscular,  on  which  it  acts 
by  producing  contraction;  other  nerves  carry  the  impressions 
received  at  their  distal  ends  to  the  centres :  the  first  are  termed 

*  motory,'  from  tiie  function  they  excite,  and  *  efierent/  firom  the 
direction  of  conduction :  the  second  are  termed  *  sensory  *  and 
*atferent.*  Sensation,  or  the  a])preeiation  of  the  impression  by  the 
individual,  seems  tu  Inihnv  only  when  the  '  afi'crcnt'  nerve  conveys 
its  impressions  to  the  brain ;  when  it  stop*?  short  in  the  myclon, 
or  ends  in  a  f:;ani;lion,  it  may  excite  a  correspondmg  or  connected 

*  efferent  *  nerve  to  produce  motion,  or  a  *  reflex '  action,  which 
may  then  take  place  without  sensation  or  volition. 

The  myelon,  the  encephalon,  and  their  nerves,  constitute  the 

*  myelencephalous '  or  <  cerebro-^pinal '  system,  to  which  belong 
the  ganglions  on  the  sensory  roots  of  the  spinal  and  trigeminal 
nerves,  and  those  in  the  gloeso-pharyngeal  and  vagal  nerves. 
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A  chain  of  ganglions  is  situated  on  each  side^near  the  vertebral 
foramina,  through  which  the  cerebro-spinal  nerves  issue.  These 
ganglions  radiate  many  nerves^  connecting  them  one  with  another 
and  with  the  cerebro-sinnal  nerves,  and  ramifying  in  a  plexiform 
way  upon  the  viscera  and  coats  of  the  blood-vessels :  thej  con- 
stitute the  ^sjmpathetic*  or  *  ganglionic*  system  in  Vertebrates. 

In  the  cerebro-spinal  nerves  the  primitive  fibre  consists  of  a 
transparent  elastic  homogeiicoiia  tubular 
membrane  (neurilemma),  fig.  IGl,  a;  its 
contents  are  inil]>y,  homogeneous  in  the 
livinij:  or  receutlv  dead  state,  and  mnv  be 
jiressed  out  ot  the  sheath ;  when  treated 
with  water,  a«  in  fig.  164,  a,  or  with  alco- 
hol, they  condense  into  a  white  layer, 
giving  that  colour  to  the  tube :  within  the 
white  substance  Remak  defines  a  *  flattened 
band,'  and  Purkirije  an  *  axis-cylinder.* 
When  treated  with  ether,  oil-globules  co- 
alesce in  the  interior,  and  accumtdate  around 
the  exterior  of  the  tube,  fig,  164,  & 

The  delicacy  of  the  neurilemma,  and 
mobility  of  its  contents,  lead,  in  many  cajses, 

to  partial  dilatations  of  the  tube,  of  a  '  vari-  ,Nerreiubo..it««dby«>*««,tiL 

cose'  character,  ])r()bably  due  to  post-mortem 

influences :  in  the  living  or  natural  state,  the  primitive  nerve- 
tube  or  fibre  ajipcars  to  be  perfectly  cylindrical. 

The  followiiifr  are  rcsidts  of  Todd's  admeasurements  of  their 
diameter,  in  the  diflerent  vertebrate  classes: — 

Fishes  (Eel)  an  inch. 

K(  i)tile8  (Frog)         to         of  an  inch. 

Birds  j-g^  to  yjijnr  ^ 

Mammals  -rhr  ^  tbW  ^  inch,* 
Primitive  nerve*fibres  do  not  divide  or  branch;  they  are 
associated  together,  in  simple  juxtaposition,  supported  by  fine 
layers  of  areolar  tissue,  which  condense  at  the  periphery  into  a 
common  sheath,  to  which  the  terra  'neurilemma'  is  commonly, 
but  not  pro])erly,  ^^iven  :  it  answers  to  the  sheath  which  surrounds 
a  muscle,  similarly  binding  the  constituent  fibres  of  the  nerve 
together,  and  supporting  their  nutrient  capTllaries.  These  are  the 
smallest  in  the  body  ;  they  run  chiefly  i)arallel  with  the  nerye- 
fibres,  fonning  oblong  meshes,  completed  at  intervals  by  cross- 
vessels.  Sometimes  the  ncrvc-fibrea  have  a  wavy  course  within 
the  general  sheath,  fig.  165.   In  a  few  instances  they  have  been 

'  C€T.  p.  593. 
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observed  to  decussate,  as  in  fij^.  100,  rhanfjinj]^  their  relative 

positu)!!  witliiii  the  .sheath. 
The  termination  of  efferent  nerves  on 
^^^^^^^^^^  ^   sentient  surfaces  of  the  skin  appears  to 

— y    be  plexifonn :  but  they  have  been  seen 
^JJ^22*J'^5^"**"  to  enter  the  bases  of  the  tactile  papiLbe 

in  the  form  of  loops.  The  looped  termi- 
nation has  been  distinctly  seen  hj  Henle  upon  the  membrazia 
nictitans  of  the  frog,  and  by  Valentin  on  parts  of  the  fonnatiye 
matrix  o£  teeth^  fig.  167. 

166 


to  show  the  dcnmoitdon  of  the  prlniltivefllllMirlttlB 

the  iruuk  ot  :i  lu  ne.  ix\.  (x  vi. 
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Amongst  the  nerve-fibres  of  the  sympathetic  system  are  some 
of  a  grey  colour,  sometimes  called  'soft  fibres/  whidi  are  flattened, 

homogeneous^  more  minute  than  the 
primitive  fibres  of  the  cerebro-spinal 
system,  and  characterised  by  small 
multinucleate  bodies  upon  their  sur- 
face, fig.  1G8. 

§  .')2.  Mi/clenct'j)halonof  Fishes, — In 
tlie  cold-blooded  Vertebrates  the  pro- 
portion of  the  mass-form,  or  centres,  to 
the  thread-form,  or  conductors,  of  the 
nervous  system  is  less  than  in  the 
warm-blooded  classes. 

In  the  Lancelet  {Bran/MoOtmd), 
fig.  169,  the  neural  axis,  m  d,  shows 
no  dbtinction  between  brain  and 
myelon;  it  is  a  slender  tract  of  nu» 
deated  cells,  inclosed  in  a  deUcate 
pia  mater,  constituting  a  continuous 
chord,  of  opaline  sub-transparency, 
ductile  and  elastic.  It  is  depressed 
or  baud-like  along  its  middle  third, 


Temlnal  Barret  on  the  mc  of  the  teeond        i  •  i     •       1*1^1  11  1 

moitf  tootb  of  tiM  knrar  jur  tB  tiie   which  IS  slightly  grooved  along  the 


medial  line  of  the  dorsal  surface. 
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and  tapering  to  both  ends,  but  more  gradually  to  the  hinder 
one,  the  fore-end  being  less  acute.  A  streak  of  pigment- 
cells  marks  the  middle  of  the  upper  surface  :  darker  celk  mark 
the  origins  of  the  nerves.    These  number  from  Mty  to  sixty 


168 


Nervons  flbiv.o  frnrn  a  fwift  or  fnrjr  uorvo  in  the  r;«lf.  tcvir. 
A,  fibre  resoUniitf  It-w-lf  Intn  riNrlll  i-.  H,  a  lllin-  il  >iil.;<-.l  on  llsflf, 
■howlng  tbe  Oattened  cb»ract«r.  C,  Two  fibres  Uflutf  in  juxtapovl- 
ftkn.  «,«,fl,nttcld.  ^•aiieiMrflbra(jr«n«^toMr).  4,aabrlUB. 

paiTSy  and  appear  to  come  off  aa  simple  chords,  fig.  170.  They 
perforate  the  membranous  neural  canal,  and  accompany  the  inter- 
muscular septa,  dividing  into  two  principal  branches — one  to  the 
nennd  or  dorsal,  the  other  to  the  hflsmal  or  ventral,  muscular 


segments.  The  first  pair  of  nerves,  fig.  170,  b,  which  Professor 
Goodsir*  thinks  might  correspond  to  the  'trifacial/  ])as8es  to  the 
membranous  parts  above  the  mouth :  it  may  be  the  homologue  of 

that,  which,  when  a  part  of  such  membrane  becomes  specialised 
as  au  olfactory  sac,  becomes  the  oli'uctory  uerve,  as,  c.  g.,  iu  the 

'  xc. 
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Lamprey.  The  second  pur  is  much  larger ;  it  passes  out  of  the 
neural  canal,  anterior  to  the  first  myocomma,  and  sends  a  branch, 

170  Cy  fifr.  170,  upward  and  backward  toward  the  front 

edge  oi'  that  se;^ment,  whicli  connnunicat^s  with 
the  dorsal  ])ran('lies  of  several  successive  nerves  of 
its  own  side,  like  the  branch  from  the  combined 
trifacial  and  vagal  nerves,  marked  i  in  fig.  204  : 
the  main  trunk  of  tlie  second  nerve  curves 
downward  and  backward,  </,  fig.  170,  communi- 
cating with  the  corresponding  parts  of  the  suc- 
ceeding nerves  of  its  own  side,  to  some  way 
beyond  the  vent, fig.  169, as:  this  portion  answers 
to  the  branches  s  and  4  of  the  *  nervus  lateralis ' 
in  fig.  204.  From  the  principal  function  of  the 
second  (conspicuous)  pair  of  nerves  in  the  Lancelet, 
as  a  '  nerve  of  association,'  it  probably  answers  to 
botli  the  triLreininal  and  vai^al,  which  in  niost 
higher  lishes  conil»nie  to  form  the  '  lateral  nerve,* 
with  the  same  relations  to  the  spinal  nerves  and 
median  fins  as  the  nerves  c  and  d,  fig.  170,  show 
in  the  Lancelet. 

Costa'  d( scribes  and  figures  'la  maccluabnina 
d^li  occhi'  (p.  14),  *  fopacita  corrisi^ndente 
sopra  6  dietro  degli  occhi'  (ib.),'  and  ^talvota  i 
gangli  olfiittori  *  (Tab.  L,  fig.  2,  py),  Betadus*  re- 
discovers the  ocellus;  and  Kolliker^  has  more 
particularly  described  the  sub-terminal  ciliated 
dejiression,  described  as  an  *  olfactory  sac,'  and 
indieated  in  the  dia«;ram,  fig.  169,  ol.  .Veeording 
to  those  observations,  olfactory  and  optic  nerve- 
filaments  may  be  interred  ;  and  the  fore  part  of 
the  neural  axis,  includinLT  the  trii^emino-vagal 
nerves,  c  b,  fig.  169,  will  answer  to  the  brain. 

The  succeeding  nerves  divide,  soon  after  emerg- 
ing, into  dorsal  and  ventral  branches,  as  in  higher 
fishes,  corresponding  in  number  with  the  muscular 
segments.  The  nerves  consist  of  the  primitive 
cjlindrical  fibres. 

This  is  the  most  simple  persistent  condition  of 
the  central  organs  of  the  nervous  system  known 
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in  the  vertebrate  subkingdonu  In  all  other  Fishes  the  fore  part 
of  the  neural  axia  reoeivea  the  vagal,  trigeminal,  and  special  sense 
nerves,  and  developes  and  supports  ganglionic  masses,  principally 
disposed  in  a  linear  series  parallel  with  the  axis :  this  part  is  the 

*  brain '  (encephalon) ;  the  rest  of  the  axis  retaining  its  columnar 
or  cliord-Iikc  character  la  the  ^  iiiyelon,'  and  being  lodged  in  the 
canal  of  the  spinal  column,  it  is  usnaiiy  defined  as  the  medulla 
sjtinalis  (spinal  marrow,  or  spinal  cliord). 

In  the  Lamprey  the  myelon  is  iiattened,  opaline,  ductile,  and 
elai^tic,  as  in  the  Lancelet  and  other  Dermopteri :  in  typical 
Fishes  it  is  inelastic  and  opaque,  cylindrical  or  Bub-dcpressed ; 
of  nearly  uniform  diameter,  gradually  tapering  in  the  caudal 
region  to  a  point  in  heterocercal  Fishes,  hut  swelling  into  a  small 
terminal  gauglion^  in  most  homocercal  Fishes. 

The  Hunterian  preparation  of  the  skate  (^Raia  Batisf  shows 
a  slight  (brachial  or  pectoral)  enlargement  of  the  myelon,  where 
the  numerous  large  nerves  are  sent  off  to  the  great  pectoral  fins ; 
a  feebler  brachial  enlargement  may  be  noticed  in  the  Sharks. 
I  have  not  recognised  it  in  Osseous  Tislies,  nut  even  in  those  with 
enormous  ])cctorals  adapted  for  flight,  c.  g.  J'^xoccctus  and  Dae- 
tf/iojih-nis :  in  the  latter  the  .small  ganglionic  risings  upon  the 
dorsal  coluuius  of  the  cervical  rc!j:lon  of  the  mvelon  receive  nerves 
of  sensation  from  the  free  soft  rays  of  the  pectorals,  ami  the 
homologous  ganglions  are  more  marked  in  otlier  Gurnards 
(  Trigl(B)y  which  have  from  three  to  five  and  sometimes  six  pairs*, 
e.g.  in  Trigla  Adriatica,  Similar  myelonal  cervical  ganglions 
are  present,  also,  in  Polynemus,  In  the  heterocercal  Sturgeon 
there  is  a  feeble  expansion  of  the  myelon  at  the  beginning  of  the 
caudal  region,  whence  it  is  continued,  gradually  diminishing  to  a 
point  along  the  neural  canal  in  the  upper  lobe  of  the  tail.  In 
some  bony  fishes  (Trout,  Blenny)  the  caudal  ganglion  is  not  quite 
terminal,  and  is  less  marked  than  in  the  Cod  or  Bream,  in  which 
it  is  of  a  hard  texture,  hut  receives  the  last  pair  of  spinal  nerves. 
The  absence  of  this  gau<i;lion  in  the  Shark  shows  that  it  felates 
not  to  the  strength  of  the  tail  but  to  its  form,  as  depending  on 
the  concentration  and  coalescence  of  the  terminal  vertebra? ; 
except,  indeed,  where  such  metamorphosis  is  extreme,  as,  e.  g.  in 
Orthagoriscus  mota^  and  where  it  aflects  the  entire  condition  of 
the  myelon,  which  has  shrunk  into  a  short,  conical,  and,  according 

^  UII.  p.  C;  Liv.  p.  2G  (in  the  God)w 
*  zz.  Tol.  iii.  p.  40,  prep.  No.  1347. 

'  LT.  pi  S,  %  4^  p.  106}  sod  UII.  p.  6^  pi.  S,  fig.  24, 35.  , 
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to  Arsaki  (lux.  tab.  iii.  fig.  10),  gangliated  appendage  to  tbe 
enoephalon.     A  Uke  singular  modification,  but  without  the 

ganjrlionic  structure,  obtains  in  Tetrodon  and  Diodon,  in  a  species 
of  wiiicli  latter  genus  1  found  the  myclon,  jSg.  171,  M,  only  four 
lines  loner,  in  a  lish  of  seven  inches  in  length  and  meii- 
surin;:  three  inches  across  the  head.  The  neural  canal 
in  these  Plectognathic  fishes  is  chiefly  occupied  l)y 
a  long  *  Cauda  equina,'  ib.  c  e.  But,  insignificant  aa 
the  mjelon  here  seems,  it  is  something  more  than 
merely  unresolved  nerve-iibres :  transTerse  white 
striae  are  discernible  in  it,  with  grey  matter^  showing 
it  to  be  a  centre  of  nervous  force,  not  a  mere  con- 
ductor. In  the  Lophius  a  long  cauda  equina  partly 
conceals  a  short  myelon,  which  terminates  in  a  point 
at  about  the  twelfth  vertebra.  In  other  fishes  the 
myelon  is  very  nearly  or  quite  co-extensive  witfi 
the  neural  canal,  and  there  is  no  cauda  etinina,  or 
bundle  uf  nerve-rout^,  in  the  canal :  a  tendinous 
thread  sometimes  ties  the  terminal  ganglion  to  the 
end  of  tlio  «^anal. 

A  shallow  lonp:ltudlMal  fissure  divides  the  ventral 
surface,  and  a  deeper  one  the  dorsal  surface,  of 
the  myelon,  into  equal  moieties:  a  feeble  longi- 
tudinal lateral  impression  (Sturgeon)  sulxlivides 
these  into  dorsal  and  ventral  columns  ;  in  other  fishes 
(Cod,  Herring)  these  are  separated  by  a  lateral  tract,  and  six 
columns  or  chords  may  be  distinguished  in  the  myelon  —  twa 
dorsal  or  sensory,  two  ventral  or  motory,  and  two  lateral  or 
restiform  tracts.  A  minute  cylindrical  canal  extends  from  the 
fourth  ventricle,  beneath  (ventrad  of)  the  bottom  of  the  dorsal 
fissure,  alonu;  the  entire  myelon;  this  canal  is  not  exposed  in  the 
recent  fish  by  merely  divaricatinjr  the  dorsal  eolurans.  Both 
lateral  halves  of  the  myelon  have  grey  matter  in  their  interior, 
and  white  transverse  striaj.  Altliough  many  fishes  (I^rcam, 
Dorsk)  show  a  slight  enlargement  at  each  junction  of  the  nerve- 
roots  with  the  myelon,  the  anatomical  student  will  look  in  vain  in 
the  recent  Eel,  or  Lump-fish,  for  tliat  ganglionic  structure  of  the 
myelon  which  the  descriptions  of  Cuvier^  might  lead  him  to 
expect. 

As  the  myelon  approaches  the  encephalon,  it  expands ;  and  the 
following  changes  may  be  here  observed  in  the  Cod  and  Shark: — 


Bmln  and  mye- 
lon, J>ioii0H, 
luitanlHse 


*  xxnt.fi.  p.  323;  ZJIL  iii.  pu  176. 
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in  the  ▼entral  columns  a  short  longitudinal  groove  divides  a 
narrower  median  *  i)re-pyranrulal '  tract,  fig.  172,  a,  from  a  broader 
lateral  *  olivary '  tract,  ib.  h :   in  the  dorsal  columns  a  median 

*  limieular '  tract,  ib.  e,  is  similarly  marked        from  a  lateral 

*  post-pyramidal '  tract,  d :  this  is  now,  also,  distinfinished  by  a 
deeper  fissure  from  the  true  lateral  or  *  restiform '  tract,  c,  at  the 
inferior  part  of  which  a  distinct  slender  portion  is 

f\ho  BOmetimeB  defined.  The  post-pyramidal  tracts 
diverge,  expand  and  blend  anteriorly  with  the 
Bimilarly  hulging  restiform  tracts,  forming  the  side- 
walls  of  a  triangular  or  rhomboidal  cavity,  called  the 

*  fourth  ventricle,'  fig.  173,  y :  the  pre-pTramidal  and 
olivary  tracts,  forming  the  floor  of  the  ventride,  are 
covered  below  by  a  thin  superficial  layer  of  trans- 
verse 'arciform  fibres**  ib.  wi,  concealing  their  section  of  nu^mi. 
boundary  fissures.  At  the  bottom  of  the  ventricle  cMmgttmtOmkm. 
the  myelonal  canal  is  exposed,  and  its  sides  swell 

and  rise  a^i  rounded  or  *teretial'  tracts,'^  ib.  from  the  floor  of 
the  ventricle,  diverging  slightly  as  they  advance,  and  exposing  an 
intermediate  *  nodular'  tract;  this  structure  is  well  seen  in  the 
basking  shark  (^Selache):  two  lateral  prominent  'vagal'  columns 
also  project  inwards  into  the  ventricle,  from  the  conjoined  resti- 
£>rm  and  post- pyramidal  tracts;  these  vagal  columns  present  a 
series  of  nodules,  fig.  173,  c,  corresponding  with  the  fasciculi  of 
the  roots  of  the  great  vagal  nerve  in  Selache.* 

In  the  Cyprinoid  Fishes  the  median  inferior  tract  rises  into  the 
ventricle,  and  is  developed  into  a  smooth  hemispheric  mass,  the 
* nodulus,'  fig.  178,  A:  ihe  conjoined  post-i)yramidal  and  restiform 
walls  swell  outwards,  and  form  lateral  'vagal'  lobes,  large  and 
nodulated  in  the  Carp,  Hg.  178,  k,  whieh  is  so  tenacious  of  life,  ^fhe 
vagal  lobes  are  enormously  developed  in  the  Torj)edo  ;  they  join  the 
trigeminal  lobes,  and  present  a  yellowish  colour  in  the  recent  fish  : 
manv  non-nucleated  cells  are  ])resent  in  their  substance  ;  thev  u:ive 

V  I  ft  *^ 

ori<^in  to  the  nerves  of  the  electric  organs,  and  have  been  called 
*lobi  electrici;'  but  the  vagal  lobes  are  scarcely  less  remarkable 
for  their  size  in  the  Gymnotus,  where  they  have  no  direct  con- 
nection with  any  of  the  nerves  of  the  electric  organs.  In  the 
Cod  the  vagal  ganglions  are  obsolete,  and  the  nodulus  slightly 
swells  above,  and  obliterates  the  *  calamus  seriptorius.'  In  the 
Lncioperca  tiie  vagal  lobes  are  not  very  distinct,  but  they  mark 

'  Homologous  with  the  •  filarocnti  arciformi '  of  Rolando,  Lviir.  p  170,  t.  i.  fig.  2. 
^  Thcbe  are  called  '  vordcro  pjramiden '  by  Dr.  Staimius.    Lvi.  p.  43. 
*  xz.  YoLin.  p.  23;  Frep.  no,  1311a. 
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the  oommencement,  and  form  the  broadest  part,  of  the  very  long 
medulla  oblonjrata,  the  restiform  tracts  diuiinishiufj  in  size  as  thev 
advance.  In  no  other  V'ertcbratca  save  Fishes  are  the  vagal  lubes 
and  the  nodulus  j>resent. 

The  posterior  pyramids,  which  are  the  anterior  continuation  of 
the  posterior  myelonal  columns,  diverging  as  they  are  pushed 
aside  by  the  deejier-seated  tracts  that  form  the  floor  of  the  fourth 
ventricle,  and  combining  with  the  lateral  columns  to  form  the 
corpus  reBtiforme  and  the  baaia  of  the  vagal  lobeSy  again  quit 
thoae  columns,  converge,  ascend,  and  unite  together  id>0Ye  the 
anterior  opening  of  the  fourth  ventricle:  they  there  form  either 
a  simple  bridge  or  commissure,  fig.  173,  o,  or  are  developed 
upwards  and  backwards  into  a  ganglionic  mass,  overarching  the 
ventricle ;  this  mass  is  the  'cerebellum,'  figs.  174 — 179,  c.  It  is 
173  formed  chiefly  by  the  post-])yramidal  columns, 

but  <loui)tless  derives  some  share  of  the  proper 
lateral  or  restiform  fibres,  as  the  result  of  the 
previous  couflueuce  of  these  with  the  post- 
pyr:unl(ls. 

The  cerebellum  retains  its  earliest  embryonic 
form  of  asimple  commissural  bridge  or  fold  in  the 
parasitic  suctorial  Cyclostomes,  in  the  heavily- 
laden  Sturgeon,  fig.  173,  c,  and  Polyptems,* 
and  in  the  almost  fiidess  Lepidosiren,*  fig.  186, 
C :  it  attuns  its  highest  de  velopement»  in  the 
present  class,  in  the  Sharks,  where  it  not  only 
covers  the  fourth  ventricle,  hut  advances  over 
the  optic  lobes,  and  in  the  Saw-fish  extends 
beyond  them  to  rest  upon  the  cerebrum  ;  its 
surface  is  further  extended  in  these  active 
])reda<HM)us  fishes  by  numerous  transverse 
folds,  fig.  187,  c.  Inmost  Osseous  Fishes  the 
cerehellum  is  a  smooth  convex  body,  hemisj>heroid,  fig.  175,  c,  or 
transversely  subclliptic  (Eel,  fig.  17(),  c),  or  longitudinally  subel- 
liptic  (Lepidosteus),  fig.  174,  c ;  but  it  may  be  an  oblong  body 
(Diodon),  fig.  171,  c,  or  be  depressed  and  tongue-shaped  (Cod, 
fig.  183,/),  or  oval,  or  pyramidal  (Perch,  fig.  182,  a);  it  is  very 
rarely  found  extending  forward,  as  in  EehauU  and  Ambfyoptit,  fig. 
175,  c,  over  any  part  of  the  optic  lobes ;  but  often  backward 
over  the  whole  fourth  ven^cle,  as  in  the  Cod,  fig.  183,/,  and  the 
Diodon,  fig.  1 7 1 ,  c ;  or  over  the  mi^or  part  of  the  ventricle,  as  in  the 


Bnin;  Bturgeon.  OKODL 
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Ilerrinp^,  finr.  1 84,  c ;  but  sometimes  covering  only  a  small  portion,  as 
in  the  Chub,  lig.  177,  c,  the  Lump-fish,  and  the  Leiiidosteus,  fig. 
1 74,  c.    The  relative  size  of  the  cerebellum^  accordingly^  varies 

m  176  176 


p^catl y  in  different  bony  fishes ;  it  is  very  small  in  the  lazy  Lump- 
lisli,  and  extremely  large  in  the  active  and  warm-blooded  Tunny, 
where,  also,  it:<  surface  shows  transverse  groovings. 
Tlie  cerebellum  is  unsymmetrically  placed  in  the 
Pike  and  some  Flat-fish  {I^Ieuronectida),  and  is 
tuiBymmetrically  shaped  in  the  Sharks :  it  presents 
a  longitudinal  groove  in  the  Diodonj  and  a  pos- 
terior notch  in  the  Herring :  a  transyerse  notch  di- 
vides it  into  an  anterior  and  posterior  lobe  in  the 
Xiophins :  it  bears  a  crucial  depression  in  the  Skate. 
The  cerebdlum  presents  in  many  fishes  a  small 
eavity  or  fi»sa  at  its  under  part^  continued  from 
the  fonrdi  ventncle,  fig.  178,  c:  it  is  solid  in  the 
Tench,  the  Gar})lkc,  and  the  common  Eel :  some 
jj^rey  matter  is  usually  found  in  its  interior,  with 
feeble  indications  of  wlilto  striie;  but  tlicrc  is  no  Bnin  nd  portum  of 
*  arbor  vital,'  except  in  the  Tunny  and  Sharks.  SSbV-SSSZ 

The  posterior  '  crura  cerebelli '  are  formed  l)y 
the  posterior  pyramids,  fig.  172,  d,  with  part  of  the  restiform 
tracts,  ib.  c ;  vertical  fibres  from  the  sides  of  the  cerebellum 
continue  to  attach  it  to  the 
sides  of  the  restiform  or  trige- 
minal lobes,  and  some  of  these  f^m^Jraik^^i 
are  oontinned  as  ardform  fili^ 
ments  upon  the  nnder  sur&ce 
of  the  medulla  oblongata:  they  B»eUMioiBnto,oir» 

answer  to  the '  cmia  cerebelli  sd  pontem '  of  Mammalia ;  bat»  as 

T  9 


DigJ^Kl  by  Google 


276 


AI^ATOMY  OF  VEBTEBBATES. 


179 


there  are  no  lateral  lobes  in  the  cerehellum  in  Fishes,  these  cnira 
are  rudimentary,  and  the 'pons'  is  al)sent.  In  the  Shark  they 
connect  the  sides  of  the  base  of  the  cerebellum  with  the  'restiform 
commissure/  figs.  172  &  187,  /.  In  most  Fishes  two  ilEUcicali  of 
medullary  fibres  proceed,  as  '  anterior  cmra,'  from  the  under  and 
fore  part  of  the  cerebellum,  or  converge  from  the  lateral  and  fore- 
part forward,  to  form  the  inner  wall  or  septum,  fig.  184,  r,  of  the 
optic  lobes :  these  answer  to  the  *  processus  4  cerebello  ad  testes ' 
of  the  human  brain:  thej  are  connected  below  their  origin  at  the 
under  part  of  the  cerebellum  hj  one  or  two  transverse  fasdculi  of 
white  fibres,  forming  the  *  commissura  ansulata,'  which  crosses  the 
pre-pyramids  just  behind  the  'hypoaria,'  fig.  185,  n.  The  inferior 
white  surface  of  the  cerebellum,  whicli  forms  the  roof  of  the  fourth 
ventricle,  is  called  *  discus  cerebelll,'  and  from  this  part  small  tuber- 
cles project  in  a  few  iislies  (e.  ^.  Dlcnnius  and  Stiirio,  fig.  173,  c). 

The  restiform  columns,  quitting  the  p(»st-pyramidal  crura  of 
the  cerebellum,  and  liaving  cft'ected  by  their  preWous  confiuence 

therewith  some  interchange  of  filaments,  swell 
out  at  the  anterior  lateral  parts  of  the  medulla 
oblongata,  and  give  origin  to  the  great  trigeminal 
nerve.  They  here  form  considerable  *  trigeminal 
lobes'  in  the  Loach  and  Herring,  fig.  184,  t,  and 
are  folded  or 'fimbriate' in  Chimara^^g.  179,  dd^ 
and  most  Plagiostomes,  where  ihey  are  closely 
connected  wi^  a  thick  vascular  mass  of  pia 
mater  and  arachnoid.  J'he  trigeminal  lobes  are 
convolute  in  the  Skate ;  enormous  and  blended 
with  the  vagal  lobes  in  the  Torpedo;  but  inmost 
Osseous  Fishes  (Lepidosteus,  C\)d)  they  are  not 
developed  so  as  to  merit  the  name  of  lobes.  In 
the  Cod  the  inner  surfaces  of  the  restiform  bodies 
])roject  into  the  fourth  ventricle,  and  obliterate 
the  fore  part  of  the  calamus  by  meeting  above 
it ;  this  commissure,  which  is  beneath  the  cere- 
bellum, is  the  *  commissura  restiformis,'  fig.  182, 
It  is  remarkably  developed  in  Carcharias,  where 
it  seems  to  form  a  small  supplemental  cerebellum 
beneath  the  large  normal  one :  in  fig.  172 
the  medulla  oblongata  is  cut  across,  the  fourth 
ventricle  exposed  from  behind,  and  &e  restiform  commissure,  /,  is 
raised :  it  has  an  anterior  and  posterior  median  notch. 

Tlie  ])rimary  division  of  the  brain,  which  consists  of  the  medulla 
oblougatxi  witli  the  cerebellum  and  other  less  coubtaut  appendages 
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in  FislicB,  is  called  the  *  epencephalon/  fig.  179,  f,  c,  fig.  178^ c; 
it  is  relatively  larger,  occupies  a  greater  proportion  of  the  cranium, 
and  is  more  complex  and  diyersified  in  this  than  in  any  of  the 
higher  classes  of  Yertebrata. 

The  next  sncceeding  primary  division  of  the  brain  is  called  the 
'  mesencepbalon/  figs.  180  ^ISl^b,  e,fi  it  is  usually  the  largest 
division  in  Osseous  Fishes^and  con- 
sists of  two  upper  spheroidal  bodies, 
called  'optic  lobes,' »  figs.  176,  177, 
180,  b  (in  most  of  the  fi^ires,  o), 
of  two  lower  subspliericid  bodies, 
called  '  hypoaria/^  tigs.  178,  185,  ?i, 
fig.  181,  (\  with  intervening  con- 
necting walls  enclosing  a  cavity, 
called  the  *  third  ventricle,'  which 
is  prolonged  downward  into  the  pedicle  of  the  *  hypophysis,'  or 
pituitary  gland,  fig.  185,  p,  and  upward  into  that  of  tl  e  *  cona- 
rium'  or  pineal  gland,  fig.  175,  w.  Tlie  prepyramidal  columns 
are  continued  forwards,  along  the  floor  of  the  fourth  ventricle, 
where  they  are  covered  by  a  thin  layer  of  medullary  fibres,  to  the 
hypoaria  and  prosencephalon:  some  fibres  blending  with  the  wall 
of  the  third  ventricle  and  the  base  of  the  optic  lobes.  The 
transverse  'ansulate'  commissure*'  which  unites  or  crosses  the  pre- 
pyramids  before  tiiey  penetrate  the  hypoaria,  may  be  r^arded  as 
the  most  anterior  of  the  arciform  fila- 
ments, which  feebly  represent  the 
pons  Varolii  in  Fishes.  The  restifbnn 
cohnniis  are  expended  chietly  in  form- 
ing the  walls  of  the  tliinl  ventrich^  and 
the  l)a.*ie  and  exterior  walls  of  the  optic 
lobes,  a  small  part  only  being  con-  B"*--"^*".— -rfcee.  ™. 
tinued  forwards  to  the  cerebrum  in  most  Osseous  Fishes.  The 
anterior  cerebellar  crura  are  chiefiy  lost  in  the  inner  walls  or 
septum  of  the  optic  lobes. 

These  lobes  are  commonly  of  a  subspherical  figure,  and  larger 
than  the  cerebral  lobes,  as  in  figs.  177, 180,  b,  171, 184,  o;  they  are 
often  larger  than  the  cerebellum,  ib.  ib. ;  but  of  nearly  equal  size 
with  the  cerebellum  in  the  Eel,  fig.  176 ;  they  are  smaller  than 
the  cerebral  lobes,  but  larger  than  the  cerebellum,  in  the  Polypterus 
and  Lepidosiren,  fig.  186,  o;  they  are  smaller  than  either  the 
cerebrum  or  cerebellum  in  tlic  Amblyopsis  sjjelccus,  fig.  175,  o,  in 
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'  *  Lobes  creux,'  Cuvier.      '  *  Lobes  ioferiean,'  Ib.       '  ltix.  pi.  ir.,  fig.  7,  /. 
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the  Chimaera,  fig.  179,  o,  and  in  the  Sharks,  fig.  187,  O.  In 
the  latter  they  bear  the  same  proportion  to  the  optic  nerres 
and  eyes  as  in  other  fishes,  their  small  rehitivc  size  d^iending 
on  the  advanced  developement  of  both  cerebellum  and  oer^ 
bnim:  in  the  blind  Ambljops  of  the  aabterraneooa  waters, 
the  diminution  of  the  optic  lobes  lehttes  to  the  ahnost  total 
abrogation  of  the  visual  organ ;  but  since  both  in  the  Amblyopa 
and  the  equally  blind  Myxine  these  lobes  are  present,  they 
cannot  be  exclusively  the  central  fjanj?lion  of  the  optic  nerve,  nor 
their  sole  function  that  of  reccivin*;  the  impressions  of  the  sense 
of  sight,  and  making  them  perceptible  as  ideas  by  the  animal. 

The  optic  lolx'S  are  hollow  in  most  Fishes,  fig.  182,  h.  The 
exterior  surface  shows  blended  grey  and  white  matter,  the  wliite 
182  fibres  usually  converging  to  the  oj»tic 

nerves ;  some  of  the  fibres  imite  with 
the  anterior  crura  of  the  cerebellum 
to  form  the  septum  of  the  optic  lobes, 
fig.  184,  r,  which  consists  of  two  or 
four  medullary  ^Mdouli,  decreasing  in 
the  Tench,  increasing  in  the  Cod,  as 

Bnin  ..f  r.rrii.  with  the  ortic  loho^  iiid    fUpv  noiui  InrwAfvl      On  divttnMtancr 

open,  and  the  cerebcUuni  lurncU  to  lUo     ^'^^V  lOrWaTO.      KJU  OlVaTIOaUng 

rfshtcid*.  sun.  the  Optic  lobes  from  above,  as  in  fig. 

182,  or  by  a  horizontal  section,  as  in  fig.  183,  their  cavity,  </,  or 
ventricle,  is  exposed  :  it  communicates  with  the  expanded  myelen- 
cephalous  canal,  called  '  tliird  '  and  '  fourth  '  ventricles,  as  shown 
by  the  bristle,  fj.  Its  floor  is  variously  configurated  in  ditierent 
fishes.  There  are  one  or  two  small  w^hit^j  tubercles,  *  tnberculi 
optici,'  figs.  182,  183,  on  each  side  of  the  back  part  of  the  septum; 
the  Cod,  Salmon,  Pike,  and  Perch, show  four  of  these  bodies;  the 
Carp  and  Herring,  fig.  184,  t,  two:  in  the  Carp  they  are  oblong, 
juxtaposed,  and  were  called  'tuberculum  cordiforme'  by  Haller;^ 
they  are  not  present  in  the  Polypterus,  Lepidosiren,  Sturgeon,  or 
Plagiostome  fishes.  External  to  these  tubercles  the  fioor  of  the 
ventricle  usually  rises  into  a  curved  eminence,  with  its  convexity 
outwards ;  this  is  the  *  torus  semidiculans  *  of  Haller,*  fig.  184,  w. 
It  is  not  homologous  with  either  the  'thalamus  opticus*  or  the 
'  corpus  striatum '  of  the  mammal*s  brain*  In  the  Carp,  where 
the  great  physiologist  first  described  and  named  them,  the  *  tori ' 
are  large,  and  much  curved;  in  general  they  describe  only  a 

•in  Salmo  Umbla  Hallcr  calls  them  'corpora  quadrigemina,' as  does  Cuvicr,  in 
«»«a  JluoiatUiM :  thcjr  are  anaiogous  in  form  to  the  parts  so  named,  iu  Mammals; 
ImtareiiotliomologoQsilierawflli. 

*  ux.  t.  ui.  p.  SOI. 
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small  jKirtion  of  a  circle,  fig.  182,  h;  and  in  some  bony  fish,ii.s  tho 

Giirpike,  Loach,  and  Luinpfisli,  tlicv  are  scarcely  raised  above 

the  level  of  the  floor  of  the  ventricle.  They  are  not  deve- 
loped in  the  Polyptems,  the  Lepidosiren, 

or  the  higher  Flagiostomes ;  and  both  tori 

and  tuberculi  are  peculiar  ichthyic  develope- 

mentB  in  the  Tentrides  of  the  optio  lobes. 

The  bottom  of  the  optic  yentridey  fig.  184« 

anterior  and  external  to  the  'tori/  is  grey,  and 

usually  prominent^  with  white  fibres  radiating 

through  it  to  rise  and  expand  upon  the  walls 

of  the  lobes.     The  optic  lobes  have  almost 

coalesced  in  tlie  Sturgeon,  fig.  274,  O,  Poly- 

ptcru.s,  Lepldoslrcn,  Amblyopsis,  and  L(>ach 

( Cobitis),     Where   they  are   quite  distinct 

externally,  as  in  most  Osseous  Fishes,  they 

are  brouijht  into  mutual  communication  bv  one 

or  two  commissures ;  the  anterior  '  couunissura 

transversa  *  is  the  most  constant ;  it  is  shown 

in  the  Perch,  fig.  182,  and  in  the  Herring, 

fig.  184,  $ ;  it  passes  in  £ront  of  the  entij  to 

the  third  rentride. 

In  the  Myxine  and  Lepidosiren  the  prepjramidal  fibres  cunre 

suddenly  forward  and   upward  before  expanding  into  the 

floor  and  sides  of  the  third  ventricle,  and  they  thus  form  a 
small  protuberance  beneath  the  basis  of  the  optio  lobes,  fig. 
186,  //.  In  the  Shark  the  same  columns  swell  out  laterally, 
and  fonu  two  small  protuberances,  fig.  187,  separated  below 
by  the  vascular  (hypopliysial)  floor  of  the  tiiird  ventricle.  In 
most  Osseous  Fishes  the  corres- 
ponding fibres  of  the  i)repyranii- 
dal  tracts  swell  out  suddenly,  be- 
neath the  optic  lobes,  into  two 
protuberant  well  -  defined  oval 
ganglions  ('  hypoaria,'  fig.  185,  n, 
fig.  181,  e) :  their  bulk  is  increased 
by  added  grey  matter,  which 
variegates  deir  outer  surfiuse; 
they  are  well  developed  in  the 
common  Cod,  in  which,  as  in  some 
other  fishes,  they  contain  a  cavity  (hypoarian  ventricle).  In  some 
Snlmonidcc  their  surface  is  striated;  in  some  (7y/7r/;«V/rp  (Tench) 
they  arc  confiueut ;  but  cumDionly  they  arc  dibtiuct,  aud  liavc  in 
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their  inferior  interspace  a  vascular  medullary  depressed  sac  {the 
*  hsetnatosac/  fig.  185^  o),  usually  oblong,  as  in  the  Cod,  rarely 
bifid  or  oordiform,  as  in  the  Lumpfiah*  These  prominences  from 
the  £oor  of  the  mesenceplialon,  [)osterior  to  the  infundibulum  mid 
hypophysis,  ib«  are  peculiar  to  the  brain  of  fishes,  and,  in  their  full 
developement,  are  restricted  to  the  typical  osseous  member  of  the 
class ;  they  are  absent  in  the  lowest,  and  disappear  in  the  highest 
orders ;  they  are  mere  rudiments,  or  are  wanting,  in  the  Poly* 
pterus,  as  in  the  still  more  amphibioid  Lepidosiren. 

The  true  vasculo-membranous  infundibular  downward  pro- 
lonjrat'u)!!  of  the  tlili  1  ventricle  exists  in  ail  Osseouf^  Fishes,  and 
extends  from  the  anh  rui  an  uric  of  the  liy])i>iiria,  where  these 
exist:  the  inf'uii<libnluiu  i>  ct»iniiiunly  .--.liort  and  thick,  8o  that  the 
hypophvsls  i<  'ilinost  ciessilf,  as  in  the  Cod  ;  hut  in  the  Lophius, 
the  inlundibulum  is  longer  than  the  entire  brain,  and  the  hypo- 
physis lies  at  the  fore-part  of  the  cranial  cavity,  far  in  advance  of 
the  cerebral  lobes.^  In  the  Cod  the  hypophysis,  fi«r.  185,  p,  is  a 
subspherical  mass,  with  an  irregular  or  slightly  nodulated  surface, 
almost  half  the  size  of  the  human,  so  called,  *  pituitary  gland,' 
and  illustrating  the  vast  proportional  size  of  this  constant 
appendage  to  the  brain  of  Fishes.  In  the  Lepidosiren  the  infun- 
dibulum  is  wide,  and  the  hypophysis  a  white  flattened  discoid 
body,  fig.  186,  o.*  In  all  Fishes  it  is  richly  supplied  with  vessels, 
and  is  closely  attached  to  the  floor  of  the  cranium ;  but,  although 
its  early  developement  checks  or  modifies  that  of  the  cranial 
vertebra),  it  is  not  provide<l  with  a  special  chamber  (  r  *  sella,' 
The  prolongation;*  of  tlie  fibres  froni  the  mesencephalon  which 
expand  into  the  proseaceplmlic  or  proju^r  cerebral  lobes  mrely 
show  any  preliminary  developement  of  '  thalami ; '  but  the  parts 
homologous  with  those  recruiting  ganglia  are  constantly  indicated 
by  the  attachment  of  the  oonarium,  or  upper  prolongation  of  the 
third  ventricle. 

The  conarium,  figs.  175,  186,  187,  ti^,  is  as  constant  an  append- 
age of  the  encephalon  in  Fishes  as  the  hypophysis ;  but  it  is  com- 
monly only  a  vascnlo-membranons  pyramidal  sao  continued  from 
the  third  ventricle,  the  base  expanding  from  between  the  anterior 
interspace  of  the  optic  lobes,  and  the  apex  directed  forward  and 
attached  to  the  roof  of  the  cranium.  Some  medullary  matter 
mingles  with  the  membranous  walls  ot"  the  eonarinui  in  the 
Clupeoiil  (  yprinoid  Fishes:  in  some  Fishes  there  is  grey 
matter  in  the  conarium:  in  must  it  is  membranoua  only,  as  in  the 

'  LX.  p,  56,  t.  ii.  fig.  1. 

'  The  bypophy»iis  w  tnarkc!  g  in  xxxiii.  pi,  27,  fig.  4|  and  if  called  *  nuunmiUarj 
bod^'  in  JLepidosuren  annixlens,  ib.  p.  361. 
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L>epido8lreii»  Sturgeoa*  and  Shark :  in  all  it  is  highly  vascular. 
In  the  Bream  the  conarium  shows  an  analogous  peculiarity  to 
that  of  the  hypophysis  in  the  Angler,  viz.  in  the  length  and 
tenuity  of  its  attachment ;  hut  this  consists  of  two  distinct  crura. 
The  ytlne  of  the  constancy  of  the  hypophysis  and  conarium  con- 
sists chiefly  in  their  marking  the  boimdary  line  between  the  mes» 
and  prosp-encephala^  although  they  belong  to  the  mesencephalon, 
and  are  both  essentially  vertical  prolongations  of  the  third  ven- 
tricle through  an  interspace  produced  by  the  divarication  of  the 
main  lateral  coluniiis  of  the  cik'(  jihalon. 

The  fasciculi  continued  forward  from  the  parietes  of  the  third 
ventricle  or  mesencephalic  l)asiis,  are  principally  those  which  may 
be  traced  back  thn)u<rli  the  epenccpli  iloii  to  the  anterior  and 
lateral  nivelonal  tracts,  augmented  by  fibres  from  the  grey  centres 
or  lobes  through  which  they  have  passed,  and  retaining  a  small 
admixture  of  post-pyramidal  fibres  from  the  optic  septum, 
fig.  184,  r.  In  Osseous  Fishes  the  two  cerebral  crura,  so  con- 
stituted, rarely  imdergo  any  enlargement,  homologous  with  the 
'  thalami,^  where  they  fonn  the  anterior  boundary  of  the  third 
ventricle ;  but  after  a  very  brief  course,  as  *  crura  cerebri,'  fig.  178, 
x,  radiate  into  two  small  subspherical '  prosence|)halic '  masses  of 
grey  matter,  ib.  F,  situated  anterior  to  die  optic  lobes,  and  there 
in  great  part  terminate.  A  few  of  the  medullary  fibres  extend 
along  the  base  of  the  prosencephalon,  receive  a  small  tract  of  its 
grey  matter,  converge  to  the  anterior  interspace  of  its  lobes,  and 
either  exi)and  there  into  *  rhinencepliala,'  figs.  174,  17.5,  186,  R, 
or  are  continued  forward  and  outward,  as  *  rhinencc  {  liiilic  crura,' 
figs.  178,  187,  s,  to  form  the  olfactory  iobes  or  ganglia,  ib.  R, 
at  sonic  distance  from  the  brain.  Although  the  proscncophalio 
lobes  are  commonly  in  contact  with  the  optic  lobes,  yet  something 
analogous  to  the  displacement  of  the  rhinencephalon  may  be  seen 
in  the  prosencephalon  of  the  Chimaera,  in  which  the  cerebral 
crura,  fig.  179,  ^,  advance  some  way  before  they  expand  into  the 
prosencephala,^:  in  the  Plagiostomes,  also,  tiie  prosencephalic 
crura,  fig.  IS7,  x,  have  a  short  independent  tract  in  advance  of 
the  optic  lobes. 

The  prosencephala,  figs.  177,  a,  180  and  182,  e,  183,  a,  in 
other  figs.  P,  are  distinfi^viished  from  the  optic  lobes  by  their 
grey  pinkish  exterior,  and,  generally,  also  by  their  fissured 
or  nodulated  surface.  The  first  ol"  these  characters  must  be 
looked  for  in  recent  fish ;  the  second  is  more  permanent.^  With 

*  zx.  vol.  iii.  it  lufty  be  seen  in  preparAtiom  of  the  bnun  of  the  Eel  (AnjpiiOa  aetUi- 

rmtris.  No.  1309,  B);  of  the  Lump-fish  (^Cyclopterm^  No.  1309,  CO;  of  ibe  Gurnnrd 
{^Triffia  lyra,  Ifou  1309,  D')}  «Bd  cspeciallj  ia  this  fpecimen  of  the  bnia  of  the  Cod 
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regard  to  the  *  cerebrum'  ot  tin  Cnrl,  a  median  tract  or  con- 
Tolution  is  marked  oil"  by  a  h)iiiz:iiudmal  fissure,  which  extcTids 
along  the  back  of  each  prosencephalon,  defining  a  posterior  and 
inferior  convolution ;  the  median  convolution  is  vertically  fissured 
on  its  inner  side.  In  the  Amblyopsis,  fig.  175,  p,  it  is  deft 
anteriorly ;  and  here^  aa  in  most  fishes^  the  median  longitudinal 
tract  ie  the  moat  censtant  eubdiyieion  of  the  psoeenoephalio 
superficies. 

The  large  elongated  prosencephala  are  smooth  in  ChiaoBn, 

fig.  179,  V,  Polyptcrua,  and  Lepidosiren,  fig.  186,  p,  and  in  the 

still  more  deveh:>ped  confluent  mass 
in  the  Sharks,  fig.  187,  P;  the 
|M  )>oncephahi  are,  also,  smooth  iii 
the  Myxincs,  where  they  are  rela- 
tively smallest.  The  comparative 
anatomists,  who  have  failed  to 
recognise  the  true  homology  of  the  prosencephalon  in  Osseous 
Fishes,  appear  to  have  been  misled  chiefly  by  its  small  proportional 
size,  which  is  commonly  that  exhibited  in  the  brain  of  the  Cod, 
the  Carp»and  the  Globe-fish ;  in  some  species  ihe  prosencephalon 
is  even  smaller,  as  in  the  Gar-fish,  the  Herring,  or  the  Lump-fish- 
The  prosencephalon  equals  the  cerebellum  in  size,  but  is  less  thsn 
the  optic  lobes  in  the  Perch  and  Bream ;  it  equals  the  optic  lobes, 
but  is  less  than  the  cerebellum,  in  the  Eel ;  in  the  Stickleback 
and  Gurnard  the  prosencephalon  exceeds  the  cerebellum,  still 
more  so  in  the  Lepidostens,  but  is  less  than  the  optic  lobes ;  in  the 
Lucioperca,  the  Anihlyopsis,  the  C'hinia^ra,  anU  tiie  Skate,  neither 
the  cerebclluin  nor  the  oj^tic  lobes  are  so  large  ais  the  prosence- 
phalon ;  in  the  larne  Sharks  their  unitetl  size  scarcely  equals  that 
of  the  prosenceplialon ;  and  in  the  Salamandroid  Polypterus  and 
the  Lepidosiren  the  prosencephalic  lobes  surpass  all  the  rest  of 
the  brain,  and  vindicate  their  true  cerebral  character  and  impor- 
tance. In  the  Amblyopsis  the  relative  magnitude  of  the  prosen- 
cephalon is  due  to  the  diminution  of  the  optic  lobes  in  that  blind 
fish ;  in  the  Pla^ostomes  it  is  due  to  absolute  developement ;  as  it 
is,  also,  in  the  Polypterus  and  Lepidosiren,  where  tiie  prosence- 
phalon presents  the  closest  similarity  in  form  and  structure  to  thst 
division  of  the  brain  in  the  Batrachiuu  Kcptilcs :  each  lobe,  for 


(No^  1309),  which  Haoter  truly,  though  bri«4y,  deeerihw  ■•  toXhm  Th9  eeriinm 
fissured;  the  cerebellum  a  lung  projecting^  body,  slsollaiiind  in  a  less  degree;  tlie 

n^rf two  projectini:  hodic?:  the  optic  nerres  decussate  one  another."  This  is  the 
earliest  recognition  of  the  homologjr  of  the  optic  lobes  with  the  anterior  of  the  bigeni- 
nal  bodies  of  the  htunaa  brain. 
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example^  is  elongated  in  the  axis  of  the  skull,  and  is  of  a  sub- 
compressed  ovnl  form,  and  has  a  large  'lateral  vcntriole'  in  its 
interior  in  the  Liepidoeiren,  fig.  I869  ^  v*  In  the  Skate*  the  pros- 
encephala coalesce  into  a  subdepfessed  transverselj  elongated 
mass,  their  essential  distinction  bcong  indicated  hj  a  mere  super- 
fidal  median  fissore ;  in  CarchariaSy  fig.  IS?*  the  prosencephalon 
ioTEOB  an  almost  globular  mass*  with  scarcely  a  trace  of  a  median 
fiflsnre.  Among  bony  fishes  the 
prosencephalic  lobes  are  more 
or  less  confluent  in  Lucioperca 
Sandra y  Trdcltinus  draro,  S/i?-' 
t/uSj  jMullns,  Sonnhrr  trarhinnSy 
J3elonc,  Cliipca  harvjifjus^  and 
Chi  pea  sprattus;  they  appear 
distinct  synunetrical  spheroids 
in  most  other  fishes*  their  union 
being  reduced  to  a  small  trans- 
verse medullary  band  (prosencephalic  commissure).*  The  sym- 
metrical character  of  the  prosencephida*  as  of  the  optic  lobes*  is 
wanting  in  most  JPteuroneeiidm. 

The  grey  vascular  neurine  forms  the  greatest  part  of  the  pros- 
encephalon inmost  Osseous  Fishes;  the  white  fibres  radiate  through 
this,  and  rarely  appear  on  any  part  of  the  exterior  surface ;  the 
white  substance,  however,  predominates  in  tlie  Plagiostomes  and 
Lepidosiren.  As  u  rule,  the  prosencephalic  lubes  are  solid ;  but 
the  brain  of  Carcharias  *  shows  a  deep  ventricular  fissure  at  the 
anterior  and  under  part  of  the  i)rosencephalon,  with  a  vascular 
fold  of  membrane  or  *  choroid  plexus  *  penetrating  the  fissure* 
which  is  continued  forward  into  the  cms  of  the  olfactory  lobe. 
The  lateral  ventricle  is  more  extensive  in  the  Lepidosiren*  and  is 
continued  directly  into  the  olfactory  lobe. 

The  '  rhinencephalon '  figs.  173 — 176*  B*  consists  of  two  always 
distinct  lobes  of  grey  matter*  which  receire  the  prolongations 
of  chiefly  white  fibres  fiNun  the  prosenc^halon  and  its  crura*  and 
giro  off  the  nerves  to  the  olfiMstory  capsule,  whence  they  are 
temeA  *  olfactory  lobes,*  *  tubera,'  or  *  *^anglia.*  The  rfainence- 
phala  are  solid  bodies,  always  distinct,  wide  apart  from  each  other 
when  remote  from,  and  in  nmtual  contact  wlicn  near  to,  the  rest 
of  the  braiuj  but  never  united  by  a  commLsdure.    The  rhinence- 

'  Carns  well  rccogniBCS  the  homologj' of  this  conmiifsnro  with  that  of  th©  COTpM 
gtriatuin,  called  '  nnterior  coiumiwiure '  io  iho  buman  braiu,  i.  p.  24. 
■  (No.  1310,  a),  XX.  vol.  iii. 
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phalic  crura,  figs.  171,  175,  178,  1H7,  z,  vary  cxcecdinn^ly  in  leiifrlli. 
In  the  Lepidosiren,  fig.  186,  they  are  feebly  indicated  by  a  con- 
tinuous indentation  circumscribing  the  base  of  the  rhinencephalon, 
R,  and  defining  it  from  the  anterior  end  of  each  prosencephaHc 
lobe,  P ;  in  Polypterue  and  Lepidosteus  the  indentation  is  deeper, 
and  the  attachment  of  the  base  of  the  now  pyriform  rhinence- 
phalon,  fig.  174,  r,  sinks  to  the  prolonged  cms  or  basis  of  the  pros- 
encephalon.   From  this  substratum  tiie  rhinencephalic  crura  are 
prolonged  in  all  Osseous  Fishes :  in  some  they  are  so  short  that  the 
rhinencephala  are  partly  overlapped  by  the  prosencephala  (  TH/Za), 
or  rise  into  view  immediately  in  front  of  them  (Ambhfopsis, 
Angiiilla,  fkg.  176,  R,  Cottus,  Cyclopterus) ;  but  in  many  fi8hos  the 
rhinencephala  are  developed  far  in  advance  of  the  rest  of  the 
brain,  and  their  crura  arc  })n>lon£rcd  close  to  the  olfactory  cap- 
sule?.    This  lias  led  to  a  denial  of  tlir  (  xistence  of  olfactory  lube? 
in  such  fishes  ;  but  the  rhinencophala  are  truly  present  in  lx)th 
the  Cod  and  Carp,  fig.  178,  B ;  they  are  merely  removed  to  juxta- 
position with  the  olfactory  capeiiles,  with  a  concomitant  pro- 
longation of  their  crura.    These  crura,  so  prolonged,  ib.  z,  have 
been  called  *  olfactory  nerves '  by  those  who,  failing  to  appreciate 
the  true  homology  of  the  remote  '  rhinencephala,'  have  described 
lliem  as  ganglionic  swellings  of  the  ends  of  the  olfiw^tory  nerves.^ 
These  ganglions,  wherever  situated,  consist  of  proper  nervous 
matter  over  and  above  the  mere  radiation  or  expansion  of  the 
fibres  of  the  so-called  *  olfactory  nerves.*   The  true  olfiu^tory 
nerve  quits  the  rhinencephalon  as  a  plexiform  chord,  or  as  a  group 
of  distinct  fibres.    If  the  thick  olfactory  nerve  of  the  Gurnard  be 
coiuimred  with  the  thick  rhinencephalic  cms  of  the  Skate,  or  if  the 
lonir  olfactory  nerve  of  the  Kel  be  compared  with  the  long  rhin- 
encephalic cms  of  the  Chub,  fig.  177,  /^  their  respec  tive  diflcrence 
of  structure  will  be  readily  appreciated.  The  cms  is  a  compact  tract 
of  medullary  with  a  small  proportion  of  grey  matter;  the  nerve 
is  a  bundle  of  nerve  filaments:  the  medullary  tract  of  the  cru^ 
is  fibrous,  but  the  fibres  are  as  fine  as  in  the  cms  cerebri,  and 
much  more  numerous  and  less  easily  separable  than  in  the  true 
oliactory  nerve.  In  this  there  is  no  grey  tract :  it  consists  wholly 
of  comparatively  large  and  readily  separable  white  fibres,  which 
radiate  at  once  upon  the  olfactory  capsule ;  the  divergence  and 
radiation  of  the  true  end  of  the  olfactory  nerve  is  well  seen  in 
the  Lepidosiren,  fig.  186,  i,  oh  In  Sharks  a  ventricle  is  continued 
to  each  rlunencephalon  along  its  crus  from  the  prosencephalon.  The 

•  Camptr,  Lxi.  p.  95;  Cuvicr,  3UUU.  p.  321. 
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olfactory  nerve  never  forms  a  ganglion  before  spreading  npon 
tKe  olfactory  capsule ;  the  rhinencephalic  cms,  when  prolonged 
to  the  capsule,  always  expands  into  a  *  tabercnlum  olfactorimn/ 
or  rhinencephalon,  before  it  transmits  the  true  olfactory  nerves  to 

the  capsule.  In  other  words,  the  olfactory  nerve  conveys  im- 
pressions to  a  proper  centre  or  lobe,  which,  in  Fishes,  may  be 
situated  close  to  the  capsule,  or  close  to  the  rest  of  the  brain, 
and  the  lenjrth  of  its  crus  will  be  inversely  as  that  of  the  nerve. 
The  oll'actory  lobes  or  rhinenci  pliala  are  serially  honiolonrous  with 
the  optic  lobes.  As  to  the  prosencephalon,  since  this  does  not 
immediately  receive  or  txansmit  any  nerve^  it  resembles  in  this 
important  character  the  cerebellum,  and  proceeds,  even  in  the 
present  class,  to  be  developed  to  a  degree  beyond  the  ganglions 
of  any  special  nerves  or  organs  of  sense* 

The  more  special  homology  of  the  prosencephalic  lobes, 
under  their  normal  proportions  snd  solid  structure  in  Osseous 
Irishes,  with  the  parts  of  the  complex  and  fully  developed  prosen- 
cephalon in  Mammals,  will  be  made  manifest  as  we  trace  the 
propjress  of  that  com])lication  synthetically.  Cuvier  had  already, 
by  the  opposite  course  of  analysis,  reduced  the  hemispheres 
in  birds  to  the  *  corpora  striata,'  with  their  commissures  and  a 
thill  supraventricular  covering.  *Le  cori)s  canneh','  he  says, 
*  forme  h  lui  seul  prr-<[ne  tout  rheniisphere.'  '  But  he  failed 
to  recognise  the  homolo»j:y  of  the  pro^enceyihala  in  Fishes. 
Since  Arsaki's  time  ^  their  homology  with  the  cerebral  lobes  of 
Reptiles,  Birds^  and  Mammals  has  been  generally  recog- 
nised. Girgensohn*  saysHhey  may  well  be  compared  with 
the  ' corpora  striata;'  but  he  notes  the  important  difference, 
that,  whereas  these  *  transmission  ganglia'  (durchgcmgsknoten) 
give  passage  to  the  ladiating  fibres  of  the  cerebral  crura  in 
their  course  to  other  parts  of  the  cerebrum  in  Mammals,  those 
fibres  terminate  in  the  solid  prosencephala  of  Fishes.  The 
establishment  of  the  lateral  ventricles  in  the  prosencephala  of  the 
Plagiostomes  and  Lepidosiren  also  show  them  to  be  something 
more  than  *  corpora  stiiata.' 

It  now  becomes  important  to  note  the  mode  of  establishment 
of  these  cerebral  ventricles :  they  are  not  formed  by  the  super- 
addition  of  a  layer  or  film  of  neurine  overlapping^  parts  answerable 
to  the  solid  hemispheres  in  other  Fishes,  but  are  either  central 
excavations,  as  in  the  elongated  prosencephala  of  the  Lepi- 
dosiren, fig.  186,  Iv,  or  they  are  deep  fissures  towards  the  imder 
part,  as  in  the  coalesced  hemispheres  of  the  Shark;  whence  I 

■  cc.  t.  iL  1799,  p.  162.  '  uu.  lb  1 3.  •  Lxm.  p.  165. 
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conclude  tliAt  the  Bolid  proeenoeplialoii  of  Osseous  Fishes  is  not 
ft  mere  representatiye  of  a  basal  gaxiglion  forming  the  floor  of  the 
ventricle  of  the  henuspheresin  the  higher  YertebrateB,  where  ench 
ganglion  is  a  medium  of  transmission  or  source  of  accession  to 
ihe  cerebral  fibres ;  but  tliat  the  fish's  prosencephalon  is  the  seat 
of  the  terminal  expansion  of  the  radiating  medullary  fibres  of  ihe 
cerebrai  crura.  Dissection  of  the  recent  brain  shows,  in 
fig.  178,  p,  that  these  fibres,  besides  bein«^  blended  with  j^ey 
matter,  as  in  the  corpuni  striata,  are  thickly  covered  wiili  a 
layer  of  the  saiue  grey  and  higlily  vascular  neurine,  of  which  the 
hemispheric  convolutions  in  Mammals  arc  eliietiy  formed  ;  and  it  is 
interesting  to  perceive  on  the  superficies  of  the  solid  prosence- 
phalon in  many  fishes  the  foreshadowing  of  the  convolutions, 
which  are  not  fully  established  until  an  advanced  Mannnalian 
grade  is  attiuned*  The  prosencephalon  of  the  fish  is  far  item 
being  a  miniature  model,  but  it  may  be  regarded  as  the  potential 
representative,  of  the  complex  cerebral  hemispheres  of  man. 

The  average  proportional  weight  of  the  brain  to  ihe  rest  of 
the  body  in  Fishes  is  as  1  to  3000.  In  a  chub  {Leueiscus  Cy^ 
primu)  weighing  B42  scruples,  the  brain,  exclusive  of  the  olfiustory 
lobes,  weighed  one  scruple ;  in  a  carp  (  Ci/printis  Carpio\  weigh- 
ing 11,280  grains,  the  brain  weighed  14  gridus;  in  a  lamprey 
weighing  750  grains,  the  brain  wei<i:he(i  half  a  grain.  A  certain  size 
seems  to  be  essential  to  the  performance  of  its  finu  t  inns,  as  a 
recipient  of  the  impresiiions  from  tiie  organs  of  senile  ;  and  it 
does  not,  therefore,  vary  in  different  s[)€cic8  so  as  to  accord  pre- 
cisely with  the  general  bulk  of  the  body.  The  size  of  the  optic 
lobes,  e.g.  has  a  more  constant  and  direct  relation  to  that  of  the 
eyes,  which  soon  acquire  their  full  developement.  We  find  the 
entire  brain  proportionally  greater  in  young  than  in  old  fishes : 
it  acquires  its  full  size  long  before  the  termination  of  the 
growth  of  the  fish,  if  this  has  a  fixed  period.  But  as  the 
head  must  grow  with  the  growth  of  the  fish,  under  the  con- 
ditions of  its  progressive  motion,  provision  for  occupying  the 
increasing  capacity  of  the  cranium  is  made  by  a  concomitant 
developement  of  the  light  cellular  arachnoid,  which  has  the 
furtlier  advantage  of  regiilatinfr  the  specific  gravity  of  the  head. 

As  the  brunehial  rc.->pinuum  is  a  peculiarly  active  and  im- 
portant function  in  Fishe?,  and  has  an  extrnordiuaiy  ajiparatus  of 
bony  or  gristlv  arches  with  their  mnscles,  we  mav  associate  tliere- 
with  the  i)eouliar  developement  and  comjdexity  of  the  medulla 
oblongata,  as  the  centre  of  the  vagal  or  respiratory  nerves.  The 
Carp  and  other  Cyprinoid  Fishes,  which  have  not  the  mechanical 
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modificatioBB  for  retaining  water  in  oontact  with  the  gills^  00 
characteriatio  of  the  Apodal,  the  Lophioid>  and  Laby  rmtfai-branch 
fishes,  are  remarkable,  neyertheless,  for  their  tenacity  of  life  out 

of  water ;  and  the  peculiarly  developed  vagal  lobes  may  relate  to 
this  maintenance  of  the  power  of  the  rcapirutory  organs  duiiug  a 
suspension  of  their  natural  actions. 

The  extensive  <iradation  of  the  oercbellum  between  tlie  ex- 
tremes  of  structure  presented  by  lho  Myxine  and  tlio  Slinrk, 
as  might  be  expected,  throws  more  direct  light  upon  its  function. 
With  rejrard  to  this»  two  views  have  been  taken.    According  to 
one  it  is  the  organ  of  amatiyeness ;  according  to  the  other  it  is 
the  seat  of  the  mnacular  sense,  or  the  regulator  of  voluntary 
motion.    Many  experiments  in  which  the  cerebellum  has  been 
mutilated  or  remoyed  in  warm-blooded  animals  support  the  idea 
of  its  intimate  relation  with  the  locomotiye  powers.   But  to  the 
conclusions  from  these  experiments  has  be^  objected  the  pos- 
sibility of  the  conyulsiye  muscular  phenomena  haying  arisen  firom 
the  stimulus  on  the  remaining  centres^  occasioned  by  the  mutilation 
or  destruction  of  the  one  in  question ;  and  it  may  well  be  doubted 
whether  Nature  ever  answers  so  truly  when  put  to  the  torture, 
as  slie  does  when  speaking  voluntarily  throufrli  her  own  experi- 
ments, if  we  may  so  call  the  ablation  and  addiiion  of  parts  which 
compariitive  anatomy  offers  to  our  contemplation. 

If,  in  reference  to  the  Hoxual  hypothesis  of  the  cerebellum,  we 
contrast  the  Lamprey  with  the  Shark,  we  shall  be  led,  by  the 
much  larger  proportional  size  of  the  generative  organs  in  the 
lower  cartilaginous  Fish,  and  from  the  observed  fact  of  the  male 
and  female  Lampreys  entwining  or  wreathing  themselyes  entirely 
about  each  other^  mutually  aiding  in  the  expulsion  of  their 
reapectiye  geneiatiye  products^  and  so  absorbed  in  the  passion  as 
to  permit  themselyes  to  be  taken  out  of  the  water  and  replaced 
there^  without  interruption  of  the  act»  to  expect  a  larger  cere- 
bellum in  the  Lamprey  than  in  the  Shark.  But  the  yery  re- 
yerse  of  this  is  the  fact:  the  Lamprey  has  the  smallest,  and 
the  Sliark  the  largest,  cerebellum  in  the  class  of  Flashes.  If, 
on  the  other  liaiid,  we  compare  the  Cyclostome  and  Phijjjio- 
stome  Carulafjinons  Fishes,  in  reference  to  their  modes  and 
powers  of  locomotion,  we  shall  find  a  contrast  which  directly 
accords  with  that  in  tlicir  certiu  llar  dcvclopement.  The  Myxine 
commonly  passes  its  life  as  tlie  internal  parasite  of  some  higher 
organised  hsh;  the  Lamprey  adheres  by  its  suctorial  mouth 
to  a  stone,  and  seldom  moves  far  from  its  place:  neither  fish 
possesses  pectoral  or  ventral  fins.    The  Shark,  on  the  contrary. 
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tmaided  by  an  air-bladder^  sustaiiis  itself  at  the  surface  of  ihe 
sea,  by  vigorous  muscular  exertion  of  well-developed  pectoral 
and  caudal  fins,  soars,  as  it  were,  in  the  upper  regions  of  its 
atmosphere,  is  proverbial  for  the  rapidity  of  its  course,  and  sub- 
sists, like  the  Eagle,  by  pursuing  and  devouring  a  living  prey  :^ 
it  is  the  fish  in  which  the  instruments  of  voluntary  motion  are 
best  developed,  and  in  which  the  cerebellum  presents  its  larg^est 
size  and  most  complex  structure.     And  this  structure  cannot  be 
the  mere  concomitant  of  a  general  advance  of  the  organisation  to 
a  higher  type,  for  the  sluggij^h  Hays,  that  frrovpl  at  the  bottom, 
though  they  copnlnte, and  have  in  most  other  1 1 -pects  the  samegrade 
and  type  of*  structure  as  the  more  active  Si^ualoid  Plagiostomes, 
yet  have  a  much  smaller  cerebellum,  with  a  mere  crucial  in- 
dentation instead  of  transverse  laminse.    A  more  decisive  instance 
of  the  relation  of  the  cerebellum  to  the  power  of  locomotion  is 
given  by  the  Lepidosiren  in  which,  with  a  more  marked  general 
advance  of  organisation  than  in  the  Ray  or  Shark,  the  cerebellum 
has  not  risen  above  the  simple  commissural  condition  which  it 
presents  in  the  Lamprey ;  the  generative  system,  however,  of  the 
Lepidosiren  is  as  complex  as  in  the  Plagiostomes,  and  is  more 
extensive :  but  the  fins  are  reduced  to  mere  filaments,  and  the 
fish  is  known  to  pass  half  the  year  in  a  state  of  torpid  inactivity. 
The  cerebellum  is  large  in  the  Chinicura,  lig.  179,  c  In  the  lu-avy 
laden  ganoid  fishes,  the  cerebellum  is  smaller  than  in  the  ordinary 
Osseous  Fishes:  the  imbricated  armour  of  dense  enamelled  Ixuiv 
scales  must  limit  the  lateral  inflectinns  of  the  tail;  so  we  find  in 
Polvpteruf?  the  cerelM'lluni  liardly  more  (k'veloj)ed  than  in  Lepido- 
siren, whilst  in  the  somewhat  more  active  and  predaceous  Lepi- 
dosteus  it  is  the  smallest  of  ail  the  segments  of  the  brain.  In 
the  grovelling  Sturgeons  the  cerebellum  offers  a  grade  of  develope- 
ment  above  that  in  the  Lepidosiren.  FinaUy,  amongst  the  normal 
Osseous  Fishes,  the  largest  and  highest  organised  cerebellum  has 
been  found  in  the  Tunny,  whose  muscular  system  approaches,  in 
some  of  its  physical  characters,  most  nearly  to  that  of  the  warm- 
blooded classes. 

If  we  could  enter  the  sensorium  of  the  fish,  and  experience 
ihe  kind  of  sensations  and  ideas  derived  from  the  inlet  of  their 
peculiarly  developed  and  enormous  eyes,  we  might  be  enabled  to 
uudertsUind  the  office  of  the  peculiar  complexities  of  their 
large  optic  lobes:  wiilnnit  .such  experience,  we  can  at  best 
only  indulge  in  vague  conjecture  from  the  analogy  of  our  uwn 
sensations.  ^^  e  find,  when  Nature  reduce:^  the  organs  of 
^ight  to  such  minute  specks  as  can  give  but  a  feeble  idea  of 
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the  presence  of  light,  sufficient,  perhaps,  to  warn  the  Ambly- 
op^is  to  retreat  to  the  darker  recessen  of  it.s  subterranean 
abode,  that  the  optic  lol)es  are  not  reduced  in  the  same  proportion, 
but  retain  n  form  and  ^^ize,  >v  liirh,  as  (•nmy)ared  with  their  homo- 
k)gues  ill  otlicr  Miiiiniils,  are  siitiicieutiy  remarkable  to  8Ug<^est  a 
fimction  over  and  above  tliat  ot  receiving  the  impressions  of 
visual  Bpectniy  and  fonniiig  the  ideas  consequent  thereon. 

The  anatomical  condition  of  the  prosencephalon,  and  its 
homology  with  the  hemispheres  of  the  bird^s  brain,  experimented 
on  by  Flourens,*  would  lead  to  the  belief  that  it  was  in  thia 
diTision  of  the  fish's  brain  that  impressions  become  sensations,  and 
that  here  was  the  seat  of  distinct  and  tenable  ideas :  of  such,  for 
example,  as  teach  the  fish  its  safest  lurldng-phuses,  and  give  it  that 
degree  of  caution  and  discernment  which  requires  the  sldll  of  the 
practised  angler  to  overmatch.  If  different  parts  of  the  prosence- 
phalon were  special  scats  or  organs  of  different  psychical  phenomena, 
such  phenomena  arc  sufficiently  diversified  in  the  class  of  Fishes, 
and  are  so  energetically  and  exclusivtly  maniTcsted,  as  to  justify  the 
exportation,  on  that  physiol(>«;ical  hypothesis,  of  corresponding 
modiii(  atiDus  in  the  form  and  developemcnt  of  the  homnlnMues  of 
the  cerebral  hemispheres.  Some  species,  as,  for  example,  the 
Shark  and  Pike,  are  predatory  and  ferocious :  some,  as  the  Angler 
and  the  Skate,  are  crafty :  some,  as  the  Sword-fish  and  Stickle- 
back, are  comhative :  some,  as  the  Carp  and  Barhel,  are  peaceful, 
timid  browsers :  many  fishes  are  social,  especially  at  the  season 
of  ovipoeition:  a  few  are  monogamous  and  copulate;  still  fewer 
nidificate  and  incubate  their  om 

Now,  if  we  compare  the  prosencephala  of  the  Shark  and  Pike, 
fishes  equally  sanguinary  and  insatiable,  alike  unsociable,  the 
tyrants  respectively  of  the  sea  and  lake,  we  find  that  those  parts 
of  the  brain  differ  more  in  shape,  in  relative  size,  and  in  struc- 
ture, than  iii  any  two  fishes.  iiitj  proscnccplialon  of  the  Pike 
is  IcBS  than  the  cerebellum,  much  less  than  the  optic  lobes  ;  in 
the  Shark  it  exceeds  in  size  all  the  rest  of  the  brain  :  in  the  Pike, 
the  prr)v('!ic(  plialon  consists  of  two  distinct  lobes  hrougiit  into 
r(iinimiiii(  ;uion  only  by  a  slen<1or  transverse  commissure  ;  in  the 
bliark,  the  hemispheres  arc  indistinguishably  blended  into  one 
large  subglobular  mass«  If  we  compare  the  prosencephala  of  the 
Pike  with  those  of  the  Carp,  we  find  them  narrow  in  the  de* 
▼ourer,  broad  in  the  prey. 

The  Lophius  lurks  at  the  bottom,  hidden  Ln  the  sand,  waiting, 
like  the  Skate,  for  its  prey  to  come  witliin  the  reach  of  its  jaws  t 
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ihe  difference  in  the  shape,  size,  and  Btmcture  of  ihar  proeenoe- 
phala  is  hardly  less  than  that  between  the  Shark  and  Pike.  The 

combative  Stickleback  has  longer  and  narrower  prosencephala 
than  the  cowardly  Gudgeon.  The  nldilicative  and  pliilo-pro- 
genitive  rfl///c  /i/Ai/.*  has  neither  the  antero-lateral  nor  the  iX)stcrior 
reprions  of  the  cerebrum  more  developed  than  in  bonjr  fishes 
generally. 

§  53.  Myelenn  jikalun  of  Reptiles, — The  percnnibranchiate  Ba- 
trachia  lead  sluggish  lives  in  swamps  and  pools ;  their  senses  are 
aa  little  developed  as  those  of  the  Lepidosiren,  and  their  inu»- 
cnlar  movementa  are  perhapa  even  more  restricted :  hence,  if  the 
cerebral  lobea  seem  to  preponderate,  in  proportion  to  other  parts 
of  the  brain,  over  the  prosencephidon  of  Osseous  Fishea,  it  ia 
rather  by  contrast  with  the  radimentaxy  condition  of  the  me^  and 
ep-encephala  than  in  the  xelatiTO  aiae  <^  the  prosencephalon  to  the 
entire  body. 

In  a  Newt,  wdghing  39  grains^  the  bram  weighs  'one-eeyenth 

of  a  grain :  and  in  the  large  Sirens,  Amphinmes,  and  Menopomes, 

the  pruportiou  of  tlie  brain  to  the  body  is  less  than  in  the 
Newtf». 

The  medulla  obloiigata  slightly  expands;  the  post-pyramidal 
and  rc^tiform  tract?*  diverge  and  ex[>'»^e  along  and  simple  '  frHirth 
ventricle,  with  a  median  fissure  :  tlie  conver<xenee  and  cuuilueiice 
of  the  borders  at  the  fore  part  of  the  *  calamus '  otler  a  feeble 
rudiment  of  cerebellum.  The  optic  lobe  in  the  Axolotl  is  a  long 
elliptical  body,  two-thiida  the  breadth  of  the  epencephalon.  A 
slight  swelling  below  giyes  off  the  small  optic  nerves,  and  is 
produced  anteriorly  into  a  vascular  *  hypophysis ' :  a  larger  pineal 
body  extends  from  before  the  optic  lobe  upon  the  posterior  inter- 
space of  the  cerebral  lobes»  completing  the  mesenoephaloni  which 
IS  the  smallest  of  the  primary  divisions  of  the  brain.  The 
cerebral  hemispheres^  twice  the  length  and  breadth  of  the  optic 
lobe,  are  smooth  and  hollow,  like  those  of  Lepidoshren.  The 
olfactory  lobes  are  pyriform,  witli  the  base  sessile  on  tlie  fore 
and  outer  part  of  the  hemispheres ;  the  nerve  is  shorter  than  in 
Lejudosiren,  The  cerebral  ventricles  are  continued  into  the 
olfactory  lobes. 

The  gmall  and  simple  brain  may  be  wholly  removed  from  a 
torpid  batrachian  in  the  winter  season,  the  medulla  oblongata 
included,  by  section  of  the  myelon  in  front  of  the  roots  of  the 
second  pair  of  cervical  nerves;  and,  nevertheless  the  animal 
survives  many  weeks,  preserving  the  reflex  actions  of  the  myelon 
and  nerves^  the  contractility  of  the  muscular  fibre,  and  the 


Digitized  by  Google 


ENCEPHALON  OF  REPTILES. 


291 


functions  of  organic  life.  In  the  active  state  of  the  summer 
season,  such  mutilation  is  followed  by  death  in  one  or  two  hours, 
rarely  more.* 

In  serpents,  the  cerebellum,  fig.  188,  c,  expands  into  a  depressed 
semicircular  lobe  directed  backward  from  the  confluence  of  the 
restiform  crura  and  overlapping  the  major  part  of  the  fourth 
ventricle,  wliich  appears  as  a  short  median  fissure.  The  optic 
lobes,  ib.  h,  now  expanded 
to  the  breadth  of  the  cere- 
bellum, show  both  a  longi- 
tudinal and  a  transverse 
fissure,  the  latter  crossing 
near  the  hinder  border,  and 
giving  to  this  part  of  the 
brain  a  close  resemblance 
to  its  homologue  the  *  bige- 
minal bodies  *  in  Mammals. 
The  optic  lobes  are  hollow : 
the  cerebral  crura  show 
slight  enlargements,  like 
optic  thalami,  anterior  to 
the  optic  lobes,  before  ex- 
panding into  the  hemi- 
spheres. These  are  pressed 
into  close  contact  medially, 
and  compose  a  prosence- 
phalon nearly  as  broad  as 
long,  and  double  the 
breadth  and  length  of  the 
mesencephalon.  The  outer 
surface  of  the  hemispheres 
is  smooth,  composed  of  a 
thin  layer  of  vascular  or 
grey  neurine.  Into  their 
cavity  or  ventricle  a  *  cor- 
pus striatum'  projects  from 
the  under  and  outer  side  ;  beneath  or  mesiad  of  which  is  a  minor 
prominence.  The  septum,  formed  by  the  thin  mesial  wall  of 
each  hemisphere,  is  perforated  for  the  passage  of  a  *  choroid 
plexus.'  The  ventricles  are  continued  forward  into  the  olfactory 
lobes,  fig.  188,  1 ;  each  is  marked  off  by  an  o])lique  fissure  from 
the  fore  part  of  the  hemisphere,  which  it  equals  in  breadth; 
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and  alter  a  short  curve^  resolves  itself  into  a  close  flEiaciculus  of 
olfactory  nerves. 

In  the  Lacertiliay  the  eyes  being  relatively  larger 
and  more  active  in  function  than  in  SeipentB»  the 
optio  lobes,  fig.  ISO,  show  corresponding  increase 
of  proportional  size  to  other  parts  of  the  brain.  The 
cerebeUnm,  ib»  is  still  smooth,  depressed,  semi- 
oircular,  and  leaves  more  of  the  fourth  ventricle,  e, 
exposed  than  in  Python.  The  optic  lobes  cease  to 
show  the  transverse  fissure,  and  fomi  a  pair  of  hemi- 
spherical hollow  bodies.  The  cerebral  hemispheres, 
ib.  a,  form  an  elonpfate  oval  l)ody,  more  contracted 
anteriorly  than  in  Pi/tfam.  The  olikctory  lobes,  ib. 
umr^KLactrta  are  contractcd  at  their  junction  with  the  hemispheres 
»  upper  resemblancc  of  *  crura  rhinencephalL' 
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In  the  base  view  of  the  brain  of  the  Tortoise,  given  in  fig.  190, 
the  abt^cQce  of '  pons  Varolii '  and  of  olivaiy  or  pyramidal  bodies 
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la  shown  in  the  medulla  oblongata,  which  is  indicated  by  a  slight 
tumefaction  giving  oft"  the  fifth,  3, 4,  5,  6,  seventh,  7,  eighth,  8,  and 
ninth  pairs  of  cerebral  nerves  :  the  tract  is  bounded  anteriorly 
by  the  hypo[>liysis  covering  the  origin  of  the  oi)tic  nerves. 
The  continuation  of  the  basal  fibres  of  the  hemispheres^  P, 
into  the  rhinencephalon,  r,  ia  shown* 

In  a  side  view,  the  seyeral  primary  divisions  of  the  chelonian 
brain  present  the  shapes  and  proportions  shown  in  fig.  192,  in  which 
c  is  the  epencephalon,  o,  the  mesencephalon,  p  the  prosence- 
phalon ;  the  rhinencephalon.  The  epencephalon  indndes  the 
meduUa  oblongata»  with  the  oerebellom. 


19S 


BMB<tf  ft  Tnm«(CM0ii«)i  aide  view.  oou. 


In  the  turtle  ( Chelone,  fig.  191)  the  cerebellum,  r,  is  slightly 
raised  by  the  bristle,  o,  to  expose  the  fourth  ventriclci  h,  in  which 
the  sides  of  the  cahunus  rise  into  *teretial  tracts.'  The  cere- 
bellnm  is  snbelongate  in  its  form,  consisting  of  an  arched  layer 
of  neorine,  smooth  externally,  of  equal  thickness  throughout, 
which  spreads  oyer  a  portion  of  the  ventricle.  The  remainder 
of  that  cavity  is  covered  by  a  vascular  plexus,  derived  from 
the  sides  of  the  medulla  oblongata,  which  forms  a  sort  of  valve, 
and  by  becoming  united  to  the  margin  of  the  cerebellum,  com- 
pletes the  roof  of  the  fourth  ventricle,  which  is  large  and  pro- 
longed very  far  back.  The  optic  lobes,  o,  arc  smooth,  sj)hc- 
roidal  bodies,  on  a  plane  inferior  to  the  cerebellum  and  cere- 
brum. Each  lobe  has  its  ventricle,  c*,  which  communicates,  as 
shown  by  the  bristle,  m,  with  the  fourth  ventricle,  and  likewise 
with  the  third ;  the  '  iter '  to  which  may  be  seen  by  divaricating 
the  optic  lobes,  covered  by  pia  mater  reflected  down  the  interspace, 
and  by  a  very  thin  layer  of  neurine.  From  the  third  ventricle  a 
canal,  or  *  infiindibulum,'  b  continued  down  to  the  hypophyris,  and 
another  upward  to  the  *  pineal  *  bod  \ ,  which  is  j)yriform,  hollow, 
and  highly  vascular:  it  occupies  the  interspace  between  the 
optic,  o,  and  cerebral  lobes,  p.    These  form  the  largest  of  the 
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primary  divisioiiB  of  the  brain,  but  retain  the  form  and  character 
of  simple  smooth  nodule&  Each  lobe  has  its  yentricle»  fig.  191, 
oontaining  a  'corpus  striatam/  fig.  193^  in  which 
the  'eras  oerebri/  fig.  194^  prinoipaUj  ezpanda;  also  a 
smaller  oblong  eminenoe  ooimeeted  witii  ^  'tlialami  €ptid»' 
fig.  193,  s;  and  a  transyerse  body  extending  anterioily  to  the 
meeenoephalon  from  the  base  of  one  lateral  Tentride  to  the 
other.  The  choroid  plexus  is  shown  in  the  left  Tentriele  of 
fig.  193.  The  olfactory  lobes,  of  a  pyramidal  I'orm,  have  their 
base  defined  by  a  fissure  from  the  hemispheres ;  each  has 
its  vcutricie^  fig.  Idl,  k,  which  communicates  with  the  *  lateral' 
one,  P. 

The  myehmal  canal,  fig.  191,  h  continued  along  all  the 
eiice[)liali(!  masses,  in  whieh  it  expands,  and  assumes  the  name 
of  Sxntricles,'  the  narrower  intercommunicating  canal  being 
the  *iter.'  The  'fourth^  or  epencephalic  ventricle  is  single:  the 
hypoarian  Ycntricles,  in  fishes,  form  a  pair;  as  do«  likewise 
the  mesencephalic^  proBenoephalic»  and  rhinencephalic  ventrioles. 
The  *  iter*  or  common  passage  between  the  ep-  mes-  and  pros- 
encepbalie  yentridesy  includes  the  cavity  called  *  third  ventncie' 
in  Anthropotomy :  to  which  cavity  the  mesencephalic  Ten- 
trides  are  reduced  by  the  consolidation  of  the  optic  lobes  in 
Mammals.* 

The  epencephalic  or '  fourth  *  ventiide,  exposed  in  figs.  193»  and 

194,  c,  shows  the  'teretial'  columns  bounding  the  '  calamus'  or 
median  fissure :  external  to  these  are  *  funicular  and  *  pre- 
pyramidal  tracts:  the  restiiorm  columns,  fornnnLr  the  sides  and, 
anteriorly,  the  roof  of  the  ventricle  show  grey  and  white  stnas 
on  their  inner  surface  ;  the  cerebellum  ie  removed  from  their 
anterior  union  at  a,  fig.  194.     The  mesencephalic  base  which 

'  The  inflaence  of  the  nomenclature  of  human  anatomy,  reflected  downward  opos 
the  (liuvning  structures  of  the  lower  animals  which  culminate  in  Man,  is  nowhere  tnort 
ol>»inictirc  to  a  plaia  and  true  indication  of  the  nature  of  parts  than  iu  regard  lotboM 
of  the  bruiu.  The  ventricles,  for  example,  were  indicated  by  numbers,  or  bj  poiilioo. 
Bal  four  of  the  primary  Tratrides,  vit.,  the  mesenoepludie  or  optic  poir,  and  tbs 
rhinencephalic  or  olfactory  pair,  wbieh  an  pNMOt  iu  the  majority  of  vertebrates,  arc 
obliterated  it»  Man;  whilst  the  interspace  of  commissural  lamella,  cxcpjitionally  deve- 
loped in  the  complex  cerebrum  of  Man,  and  some  hipher  Mammals,  is  made  a  '6'^ 
ventricle,'  as  if  it  were  a  structure  of  correlative  signilicanco  and  importance  with  \h$ 
ireatrielci  propoclj  so  ealled.  Tboae  csTitiof  moreover  in  the  hamaa  pioeenccpbri* 
tre  ipeeuUied  *  klenl,*  beiiif  the  only  veatridei  ntaiaing  llie  peiiel  tuie  whieb 
is  shown  by  the  met-  and  rhtn-encephalio  Tontridei  in  all  oviparous  Vertebrate*- 
Whoever  will  cam-  ont  the  apidication  of  neat  enb^tnntivo  names  to  the  homologooi 
jvirtH  and  structures  >i  the  encephalon,  AS  they  may  be  AioeattTely  dotenninedy  will 
pciiorm  a  good  woric  in  true  Anatomy. 
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194 


supports  the  optic  lobes,  is  exposed  from  aboTe>  by  their  removal^ 

in  fig.  194,  2,  showing  the  continua- 

tioa  of  the  ventricular  cavity  through 

that  segment  of  the  bruiu   The  base 

of  the  excised  *  corpus  striatum'  into 

which  the  '  cnu  cerebri '  ezpande,  is 

shown  at  i,  fig*  194.   The  piolonga- 

tion  of  the  optic  lobe  crosses  die 

cerebral  cnis»  externally,  in  its  way 

to  the  optic  tract,  fig.  195,  rf;  a  i)or- 

tion  has  been  removed  in  this  figure 

to  exjx>8e  the  crus  cerebri  in  its  ascent 

to  the  hemisphere.    Three  tracts  of 

neurine  may  be  traced  from  the  pros- 
encephalon to  the  rhincncephalon,  of 

which  the  inferior  one  is  the  most  »»**^»«>"o'i»»e»'"i"o'*  Tunic  (C*«w). 

distinct,  fig.  190.* 

In  the  brain  of  the  Crocodile  a  marked  advance  is  seen  in  the 

leLative  size  of  the  cerebral  lobes,  especially  in  regard  to  their 

breadth  and  height  posteriorly,  giving  a  pyriform  shape  to  the 

prosencephalon;  the  optic  lobes,  also,  are 

not  inferior  in  bulk  to  the  cerebellom,  and 
this  body  shows  a  transverse  fissure  on  its 
exterior.  The  olfactory  lobes,  which  are 
situated  near  the  hemispheres  in  the  newly 
hatched  Crocodile,  recede  therefrom,  and 
advance,  with  a  proportional  prolongation 
of  the  rhinencephalic  crura.  The  optic 
lobe  shows  a  convex  body  projecting  into 
the  ventricle  from  its  posterior  wall,  which 
body  is  serially  homologous  with  the  *  cor- 
pus striatum '  in  the  ventricle  of  the  cere- 
bral hemisphere.  In  other  respects  the 
brain  of  the  Crocodile  closely  conjforms  with  that  of  the  Turtle. 

With  the  exception  of  the  anourus  Batrachia,  the  myelon 
(spinal  chord)  is  continued  into  the  tail,  gradually  decreasing  to  a 
point,  and  is  not  resolved  into  a  '  cauda  equina.'  Such,  indeed, 
is  its  coupon  in  the  tadpole  state  of  the  firogs  and  toads ;  but, 
with  the  acquisition  of  the  mature  form,  the  myelon  shrinks  in 
length,  and  terminates  midway  between  the  fore  and  hind  limbs, 
being  resolved  in  the  frog,  into  the  three  pairs  of  nerves  which 
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f'orin  tlie  sciatic,  and  into  a  lew  filameuta  passing  on  to  the 
sacniiii,  fig.  208,  f. 

In  all  Reptiles  there  is  an  anterior  and  a  poeterior  longitudinal 
fissure  and  a  central  canal  dilating  into  the  epenccplmlic  ventricle. 
The  myelonal  canal  is  surrounded  by  a  thin  layer  of  grey 
neurine^  and,  in  Lacertians  and  Crooodilians,  it  ext^ds  aa  far  as 
the  first  caudal  yertebra:  in  Ophidians,  which  have  the  Icmgeit 
spinal  chord,  the  canal  is  continued  to  near  the  end,  wluch 
goes  as  fiv  as  the  penultimate  caudaL  The  enlargenients 
giving  origin  to  the  nerves  of  the  limbs  axe  best  marked 
in  Chelonia^  owing  to  the  relative  slendemess  of  the  mydon 
in  the  trunk.  In  the  Lizards  and  Crocodiles  with  nearly 
equally  developed  limbs,  the  more  muscular  trunk  and  tail 
demand  a  niyelonal  mass  which  renders  the  brachial  and  iliac 
enlari^cmcnts  less  eon s  j  i i (  u ( )us.  There  are  no  partial  enlargements 
of  the  mvelon  in  Scr])cnts ;  the  nerves,  as  nnnierous  as  the 
vertebrae,  are  given  ott'  at  short  and  regular  distances,  as  in 
fig.  188,  m. 

§  54.  Membranm  of  the  Myelencephalon  in  Htsmatocrycu — ^Both 
brain  and  myelon  are  immediately  invested  by  a  thin  but  firm  and 
vascular  membrane,  the  outer  surfiice  of  whidi,  in  most  Fishes  and 
many  Reptiles,  bears  a  stratum  of  pigmentoells  belonging  properly 
to  the  central  layer  of  the  arachnoid,  which  has  here  coalesced 
with  the  pia  mater.  This  vascular  membrane  seems,  therefore,  to 
be  coloured  with  dark  points,  and  sometimes  to  be  minutely 
speckled  upon  a  silvery  frround ;  and  the  pigmental  stratum  often 
accompanies  the  processes  of  the  pia  mater  into  the  ventricles  of 
the  brain.  There  is  commonly  a  remarkable  developement  of  the 
vascular  and  pigmental  memhraae over  the  fourth,  or  epcnce])lKilic 
ventricle;  it  is  largely  developed  in  the  Sturgeon,  and  conceals 
the  rudimental  ccrel)elhnn  in  the  Lei)idosiren.  In  the  Axolotl 
calcareous  })articles  are  superadded  to  this  covering  of  the  epen- 
cephalon.  In  Osseous  Fishes  the  conunonly  considerable  space 
between  the  brain  and  cranial  walls  is  occupied  by  a  peculiar  loose 
cellular  structure,  filled  by  gelatinons  or  albuminous  fluid,  and  by 
oily  matter :  in  the  Perdi  and  Bream  it  seems  to  connst  of  an 
aggregate  of  minute  spherical  cells  filled  with  fine  colourless 
oil,  the  mass  being  traversed  by  blood-vessels.  Cuvier  >  found 
the  cells,  which  he  compares  to  a  kind  of  arachnoid,  filled  by  a 
compact  adipose  matter  in  the  'runny  and  Sturgeon.  This  modlhed 
arachnoid  exists,  but  in  less  quantity,  in  the  spinal  canal,  and 

*  xzm,  i,  p.  309. 
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^ven  accDiiipauics  the  cerebral  nerves  in  their  exit  from  the  skull 
in  some  fishes  with  Inn^c  nerve-foramina.  Therein  nuich  cellular 
arachnoid  aboTe  the  (  c  rebral  lobes  in  the  Tje|>i(l(>slrcii.  A  large 
arachnoid  is  abundantly  interposed  between  the  dura  mater  and 
pia  mater  in  the  Turtle  (  Chelone),  where  two  ligaments  converge 
from  the  arachnoid  at  the  sides  of  the  epencephalon  to  be  attached 
to  a  cartilaginoas  tubercle  on  the  basioccipitaL  A  number  of 
filamentary  proceisee  pass  from  the  space  between  the  cerebral 
and  optto  lobes  to  the  arachnoid  aboTe^  like  a  mdunentaiy 
•fabt* 

The  primitive  fibrous  ciqpsule  of  the  neural  axis*  the  unosnfied 
or  nnchrondiified  remains  of  which,  or  of  its  inner  layer,  form 
the  so-called  *  dura  mater,'  is  most  distinct  in  the  low-organised 

Dermopteri ;  in  the  PLagiostojiii  it  is  reduced  to  a  few  thin  shining 
aponeurotic  bands  closely  adherent  to  the  inner  suri'uce  of  the 
cart ilaf^i nous  walls  of  the  cianinui  and  spinal  canal;  such  traces 
of  dura  mater  are  more  feeble  and  iiidistinct  in  Osseous  Fishes, 
in  which  no  proper  continuous  librous  membrane  can  be  dis- 
tinguished ^m  the  inner  periosteum  of  the  walls  of  the  cerebro** 
spinal  cavity :  no  curtains  of  dura  mater  divide  the  cerebral  from 
the  acoustic  compartments  of  the  cranium  in  the  Osseous  Fishes. 
The  dura  mater^  as  a  distinct  fibrous  membrane,  lines  the  cavity 
of  the  skull  and  spinal  column  in  Beptiles, 

{  55«  Nerves  of  Fishes, — Firsipair  or  Olfactory  nerves* — The 
head  is  short  and  obtuse  in  the  embryo  fish;  the  ganglionic 
centres  of  the  olfactory  nerves  are  always  originally  developed 
in  close  contiguity  with  the  prosencephalon ;  they  are  protected, 
primarily,  by  the  rhinencephalic  arch ;  and,  as  this  advances 
in  the  elongation  of  the  skull,  and  recedes  from  tlie  prosence- 
phalic  arch,  two  mo<les  of  ^jrowth  take  place  in  the  contained 
nervous  axis :  either  the  brain  is  co-elongated,  the  rhinence- 
phalon  retaining  its  primitive  relation  with  its  vertebra,  and  the 
prolonged  crura  occupying  the  narrow  interorbital  tract  of  the 
cranial  cavity,  or  the  rhinencephalon  retains  its  primitive  juxta» 
position  with  the  prosencephalon,  and  the  olfactory  nerves,  figs. 
180 — 182,  0,  203,  o,  are  prolonged  through  tbe  interorbital  space, 
perforate  or  traverse  a  notch  in  the  prefrontals,  and  expand,  as  a 
resolved  plexus,  upon  the  pituitary  plicated  sac 

The  rhinencephalon  accompanies  its  vertebra  and  recedes  fi?om 
the  rest  oi'  the  bram  in  SnlmOy  Cyprinus  proper,  Brama,  Tinea, 
GndiiSy  Lota,  llippogloasus,  Clupea,  Bchne,  Lucinperca,  Cohitisy 
Plectof/uatldy  and  Plagiostomi ;  it  retains  its  primitive  contiguity 
with  the  prosencephalon  in  Ferca^  tScombar,  Esox^  Fleuronectes, 
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Blennius,  Anguilla,  Ci/cloptcrus,  G aster oste us ^  Eperlanus,  Coi- 
tus, Trigla,  Amhlyopsis, 
EcheneiSf  the  Ganoidei, 
and  Lepidosiren, 

As  the  crus  of  the 
rhinencephalon  is  formed 
not  only  of  fibres  con- 
tinued from  the  prosen- 
cephalon, but  also,  and 
in  some  fishes  chiefly,  of 
distinct  white  and  grey 
t  racts,  traceable  along  the 
base  of  the  mesencepha- 
lon, in  part  as  far  back  as 
the  ])repyramidal  bodies, 
so  the  origin  of  the  olfac- 
tory nerve  has  been  de- 
scribed as  characterised 
by  this  complexity  and 
extent;  and  it  is  true 
that  in  some  instances 


(e.g.  in  the  Perch), 
where  the  rhinence- 
phalon, figs.  180—182, 
t,  is  in  contact  with  the 
prosencephalon,  ib.  c,  a 
small  portion  of  the  true 
olfactory  nerve  may  be 
distinctly  traced  back- 
ward as  far  as  the  mesen- 
cephalon :  just  as  we  find 
in  some  fishes  (e.  g. 
Sturgeon)  a  portion  of 
the  optic  nerve  traceable 
as  far  back  as  the  cere- 
bellum, and  in  the  Eel 
to  the  hyiX)aria,  and  not 
exclusively  terminating 
in  the  optic  lobe.  Most 
of  the  characteristics  of 
origin  and  course  attri- 
buted in  works  of  Comparative  Anatomy  to  the  olfaxitory  nerves 
are  to  be  understood  of  the  « crura  rhinencephali.'     In  the 


Drain  and  cerebral  ncr\-c«  of  Cod-fl«b  (Qadti*  morrfcua).  Liv. 
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Lancelet  the  little  ciliated  olfactory  sac  is  brought  into  close 
contact  with  the  rhinenccphalic  extremity  of  the  neural  axis. 
When  the  olflEictory  lobe  or  ganglion,  in  other  Fishes,  is  near 
the  organ  of  Bmell,  as  in  llie  Cod,  fig.  196,  o,  it  sends  off  the 
nerrea  hj  numerous  Yerj  short  fasciculi.  This  multipiioity  of 
Tirtoal  origins  of  the  proper  nerve  is  less  conspicoons  where 
the  riiinenoe^iskm  is  near  the  rest  of  the  brain ;  but  a  osrelnl 
aaalysis  of  the  long  olfiMStory  nenre  in  the  Eel^  iig.  176,  will 
show  that  it  is  a  ftscioulns  of  filaments  distinct  fiom  their 
origin. 

The  optic  nerves,  like  the  eyes,  are  of  large  relative  size  in  most 
fishes ;  but  where  the  organs  of  sight  are  small,  the  nerves  are 
slender,  as  in  the  Silurus :  they  are  still  more  slender  in  the 
Myzinoids,  and  they  are  scarcely  discernible  filaments  in  the 


197  t9S] 


Baia  ot  Skate  (Boto),  taie  Bnin  of  a  Balibui  iH^n^lotnu)^  a  upper,  a  under 

vtav.  con.  yknr,  oca. 


Amblyopsis,  fig.  175,  9.  In  the  nagioetomes,  fig.  197,  Holoce- 
phali,  Ganoidei,  and  Protopteri,  the  optic  nerves,  ib.  «,  a,  arise  in 
part  from  the  optic  lobes,  ib.  in  part  from  the  hyj)oaria,  ib.  c, 
closely  adhering  to  the  fore  part  of  the  base  of  the  mesencepluilon, 
and  are  there  connected  together  by  a  transverse  commissure,  ib.  b, 
or  close  interblending  of  substance  :  they  do  not  freely  cross  each 
other.  In  ordinary  Osseous  Fishes,  figs.  181,1 85,  the  exterior  white 
fibres  of  the  optic  lobes  converge  to  their  under  and  anterior  part, 
to  form  the  chief  part  of  the  origin  of  the  optic  nerves ;  but  a  portion 
of  the  origin  may  be  traced  through  the  septum  opticum  to  the 
oerebeUnm;  and  in  the  Eel*  the  Garpike,  and  the  Lump-fish,  a 
portion  may  be  traced  to  the  hjposria:  in  the  Cod,  fig.  185,  and 
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Hake  some  fibres  of  the  optic  nerve,  ib.  2,  are  derived  from  both 
the  hypoaria,  ib.  ji  and  fipc.  199,  r/,  and  from  the  wall  of  the  third 
ventricle.  The  relation  of  the  hypoaria  to  the  nerves  of  sight  ifl 
illustrated  in  the  fishes  with  unsymmetrical  heads  and  eyes,  e.  g. 
PleuronecHdtB ;  in  fig.  198,  the  optic  lobe,  e,  and  hypoarion,  ^» 
giving  origin  to  the  larger  optic  nerve»  c,  are  larger  than  the  optic 
lobe,/,  and  hypoarion^y,  giving  origin  to  the  smaller  optic  nerve»  d. 
The  nerves  cross  one  another  without  interchange  of  fibres ;  scmie- 
times  the  right  nerve  in  its  passage  to  the  left  eye  passes  under, 
fig.  199,  b,a,  fig.  201,  sometimes  over,  figs.  185, 198,the  left  nerve:' 
rarely  docs  one  nerve  perforate  the  other,  as,  e.g.  in  the  lierrintr. 
The  nerves  are  flattened  where  they  decussate.  In  most  Osseous 
Fishes  the  structure  of  the  optic  nerve  is  peculiar ;  it  consists  of 
a  folded  plate  of  membrane  and  neurine,  fig.  200,  a,  which  usually 
prevails  throughout  the  length  of  the  nerve,  from  its  cerebral 

attachment  to  the  eyeball: 
in  some  instances  the  inner 
surface  of  the  optic  lobe  is 
also  folded:  and,  in  all,  the 
plaits  may  be  observed  to 
be  fiuntly  contSnned  upon 
the  retinfty  which  is  formed 
hj  the  unfolding  of  the 
nerve.  The  optic  nerve  escapes,  in  Osseous  Fishes,  either  through 
the  anterior  fibrous  wall  of  the  cranium  beneath  the  orbito- 

sphcnoid,  or  through  a  notch  or  a  foramen 
in  that  bone.  In  the  PleuronectidcB  one  optic 
nerve  is  usually  shorter,  as  well  as  smaller, 
than  the  otlicr,  fig.  198.  In  the  Eel  the 
nerves  form,  after  decussation,  a  very  acute 
angle  in  the  axis  of  the  body,  fig,  ITG,  a:  in  the 
Lump-fish  they  form  an  obtuse  open  angle. 

Since  there  are  no  muscles  of  the  eyeball 
in  the  Lancelet,  the  Myxinoids^  the  Am- 
blyopsis,  and  the  Lepidosiren,  there  are  no 
T^;^.:"^^^^^^         motory  nerves  of  the  orbit  In  the  Lamprey 

t^^-T^::^^  a  *^  ^  » "^erve,  which 
ofthcpt  ii.waaiitrtiidittie  are  closely  connected  where  they  quit  the 

In  wkkh  tlM 
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cranium,  again  separate,  the  one  to  supply 
the  rectus  superior  and  rectus  internus,  the 
other  the  obii(^uu8  superior;  the  filaments  supplying  the  other 


I  The  writer  baa  seen  both  varieties  in  different  individoals  of  Gadn»  morrhua. 
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muscles  of  the  eyeball  cannot  be  separated  from  iha  fifth  pur.  In 
ail  other  fieheB  the  sixth  or  abducent  nerve,  fig.  185,  6,  has  its  proper 
origin^  as  well  as  the  fourth  and  third.  The  third,  or  oculomo^ 
toriuM,  ib.  s,  rises  from  the  base  of  the  mesencephalon,  behind  the 
liTpoftriay  ib.  or  from  the  commisBuis  ansnlata ;  it  escapes  through 
the  orbito-sphenoid  (Carp),  or  ihe  unossified  membrane  beneath  it 
(Cod,  fig.  196,  s),  and  is  distributed  constantlj  to  the  recti  superior, 
inferior,  and  intemus,  and  to  the  obliquus  inferior;  it  also  sends 
filameiits  into  the  eyeball :  the  ciliary  st^m,  or  a  branch  of  it, 
usually  unites  with  a  branch  of  the  fifth  nerve,  and  sometimes, 
as  in  the  Mackerel,  Gar-pike,  and  Lumj^fish,  developes  a  small 
ciliary  ganglion  at  the  point  of  communication. 

The  fourth  nerve,  or  trochiearis,  fig.  196,  i,  rises  from  the  back 
of  the  base  of  the  optic  lobes,  between  these  and  the  cerebellum ; 


Umin  and  oHglna  of  the  Olth  uerves  of  Ihv  CotL  Ocvttl. 

it  escapes  either  through  the  orbito-sphenoid  (Carp),  or  the  con- 
tiguous membrane  (Cod),  and  is  constantly  and  ezclusiTely  dis* 
tributed  to  the  superior  obtique  eye-muscle,  ib.  ^* 

The  sixth,  or  abducent,  nerve,  figs.  185,  196,  e,  rises  from  the 
prepyramidal  tracts  of  the  medidla  oblongata,  fig.  185,  a,  beneath 
the  fifth,  and,  in  most  Osseous  Fishes,  by  two  roots,  as  in  the  Cod, 
ib.  6.  It  usually  closely  adheres  to  the  ganglionic  origin  of  the 
fif^  In  the  Carp  and  Lump-fish  it  receives  a  filament  from  the 
sympathetic,  befqre  its  final  dititribution  to  the  rectus  externum. 
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fig.  190,  ft:  it  escupes  by  the  foramen  or  anterior  notch  of  the 
alispheuoid^  in  advance  of  the  fifth  nerve. 

Thk  nerve,  the  trigemmal^  enormous  in  all  FiaheB^  £rom  the 
Lanoelet  to  the  Lepidoeifen,  rises,  ofifcen  by  two  or  more  roots,  from 
the  restifonii,  or  fhm  the  snterior  angle  between  the  oUmy  nod 
reetifomi  tracts ;  in  some  fishes  from  a  special  ganglion  or  enhurge- 
ment  of  that  part  of  the  medulla  oblongata,  as  in  &e  Herring,  fig. 
184,  t :  in  a  few  (Conger,  Lamp-fish)  by  a  smaller  origin  rescd^ed 
into  seyeral  toots*  The  trigeminns  shows  well  its  spinal  (myekoal) 
oharaoter  in  Fishes,  only  its  double  root  is  more  deeply  buried  in 
the  medulla  oblongata.  In  the  Cod,  fig.  201,  the  non-<]ranf;rioiiio 
portion  le  ahowu  at  i,  the  roots  of  the  ganglionic  portion  at  2,  2, 
On  the  left  side  the  non-ganglionic  portion  is  separated  and  turned 
back  :  on  tlic  right  eide  its  divisions  are  seen  accompanying  the 
first,  a,  second,  b,  and  third,  r,  branches  of  the  trigeminal.  The 
fourth  branch,  <f,  is  also  composed  of  both  jwrtions  of  the  nerve : 
the  fifth  branch,  is  exclusively  from  the  ganglionic  portion. 
The  trigeminal  is  in  close  contact  with  the  acoustic  nerve,  at  their 
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origins.  In  Ctfftvt,  Blenmm,  CchUU^  and  Leueisetu,  the  ganglionic 
or  dorsal  roots  recede  from  the  ventral  ones,  as  they  penetrate  the 
medullary  substance.  The  non-ganglionio  roots  in  the  Blenny 
join  the  facial  and  glossopharyngeal  Of  the  five  roots  of  the 
togeanial  in  the  Stufgeon,  the  first,  second,  and  fourth  form  a 
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gjinprlion  { ( rasserianum).  In  the  Skate  {Rata)  tlic  roots  of  the 
two  guii(:l ionic  portions,  fig,  202,  a,h,o£the  trigeminal,  arise  from 
the  rcstiform  tract:  the  non-ganiil ionic  part,  r,  from  the  foideci  or 
fimbriate  part  of  the  tnict.  A  pin  is  (mssed  between  tlie  second 
ganglionic  and  the  non-ganglionic  portion ;  the  latter*  being  re- 
flected back  on  the  left  side  of  the  figure;  on  the  right  side  the 
non^^anglionic  hranches*  e»  /,  are  left,  accompanying]^  the  corre- 
sponding branches  of  the  ganglionic  portioni  a,  e^f,  The  aeonstic 
nenre»  7,  comes  off  as  a  branch  of  the  second  ganglionic  part  of 
the  trigeminaL 

In  Osseous  Fishes  the  lundmost  branch  of  the  fifth  nerve  divides, 
one  part  descending  to  the  *  opercular'  nerve,  fig.  203,  t,  the  other 
ascending  to  the  *  lateral '  nerve,  ib.  m ;  but  both  receiving  an  acces- 
sion firom  other  sources  to  form  those  nerves  respectively.  A  branch 

of  the  vagus,  fig.  202,  t,  ascends  forward  to  join  the  fifth  in 
lui  ining  the  dorsal  division  of  the  *  nervus  lateralis,'  ib.  m,  which 
escapes  hj  a  foramen  in  the  parietal  bone ;  the  rest  of  the  fifth 
emergi  s  from  the  bkull  by  a  hole  (Carp),  or  a  notch  (Cod),  of  the 
ali?|!]u'iioi<l.     The  Intend  nerve  in  the  Cod  is  formed  chiefly  by 
the  lifth,  tig.  196,  5,  and  receives  only  a  slender  filament  of  the 
vagus.    In  the  Carp  the  vagus  chiefly  forms  the  lateral  nerve. 
In  the  Cod,  fig.  205,  the  lateral  nerve  first  sends  off  a  branch,  ib. 
which  runs  along  the  sides  of  the  intemeural  spines,  receiving 
branches  from  all  the  spinal  nerves ;  it  then  curves  down  along 
the  scapular  arch,  gives  branches  to  the  pectoral,  ib.  P,  and  ven- 
tral, ib*  Y,  fins,  supplies  the  great  lateral  muscular  masses,  ib.  9, 
and  the  mucous  canal,  ib.  8,  and  sends  a  nerve,  ib.  4,  to  the  inter- 
hiemal  spines,  whidi  communicates  with  filaments  firom  the  corre- 
sponding spinal  nerves:  both  intemeural  and  interhsBmal  branches 
temmtate  in  the  plexus  supplying  the  caudal  fin:  thus  all  the 
locomotive  members  are  associated  in  action  by  means  of  the 
ner\  i  latevides.    Tlio  mandibular  division  of  the  fifth  {ramus  man- 
(iihularis,  sou  inn.xUlaris  »«/ertor)  consists  chiefly  of  motory  filaments 
wliich  supply  the  muscles  of  the  hyoid  and  mandibular  arches, 
and  the  '  ramus  operciilaris  ^eu  facialis,'  fig.  202,     to  those  of  the 
gill-cover ;  the  sensory  filaments  go  to  the  teguments  of  the  sides 
of  the  head,  ib.  r,  and  under  jaw,  enter  the  dental  canal,  supply 
the  teeth,  and,  in  the  Cod,  the  symphy^^ial  tentacle.'    Tlic  maxil- 
lary division  (r.  maxillaris)  bifurcates  beliind  the  orbit,  one  branch 
passes  outward  to  supply  the  suborbital  mucous  canals  and  integu- 
ments on  the  sides  of  the  head;  the  other,  after  sending  a  branch 
obliquely  outward,  curves  fi>rward  along  the  floor  of  the  orbit, 

*  oczzn.  p.  45k  fis* 
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ib.  V,  gives  off  a  palatine  nerve  (r.  pterygo-palatinus),  and  supplies 
the  integuments,  mucous  tubes,  and  teeth  of  the  ui)])er  jaw.  The 
auper-orbital  diTisiou,  ib.  e,  givea  off  the  two  ciliary  ucrves,  odc 

208 
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of  which  joins  the  ciliary  branch  of  the  third ;  it  supplies  the 
olfactory  sacSj  and  the  integuments  of  the  upper  and  fore  part  of 
the  head. 

In  the  Skate  the  large  sensory  branches  of  the  fifth,  sent  to  the 
int^umenta,  and  to  the  singularly  developed  mucous  canals,  have 
ganglionic  enlaigements  near  their  origins,  fig.  202,  a,  where 
diey  leave  the  main  trunk.  The  first  electric  nerve  is  given  off 
bj  the  fifth  in  the  Torpedo,  fig.  139,  5,  and  many  of  the  terminal 
filaments  of  the  tegumentary  branches  of  the  fifth  are  connected 
with  the  peculiar  muco-ganglionie  corpuscles,  described  at  p.  324, 
fig.  215.'  In  the  Sturgeon  the  snout  and  its  tentacula  are  sup- 
plied by  branches  of  the  infra-orbital,  not  from  the  suj)ni-c)rbital, 
division  of  the  fifth  ;  the  opercuhir  or  facial  branch  supplies,  in 
addition  to  the  gill-cover,  the  integuments  and  lips  of  the  pro- 
tractile mouth,  and  the  pdeudobranchia :  it  communicates  with 
tlie  glosso-pharyngeal. 

in  the  Lancelet  the  fifth  nerve,  fig.  169,  oh,  distributes  many 
filaments  to  the  expanded  sensitive  integument  which  represents 

*  mm. 
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the  bead,  and  foims  the  sides  of  the  wide  oval  opening;  it  also 
supplies  the  oral  teoiacula.  In  the  Myxinoids  the  same  nerve 
supplies  both  the  muscles  and  the  integuments  of  the  head»  the 
tentaculu,  the  nasal  tube^  the  mucous  membrane  of  the  mouth 
and  tonguej  the  hyoid  and  pahital  teeth,  and  the  pharynx.  The 
trigemmus  aapplies  the  same  parts  in  the  Lamprey,  but  in  a  more 
compact  manner,  i.e.  by  fewer  primaiy  branches:  that  which 
sends  filaments  to  the  rectos  extemus  and  rectos  inferior  of  the 
eyeball  is  continued  forward  beneath  the  skin  and  resolves  itself 
into  a  rich  plexus,  which  supplies  the  thick  drrate  border  of  the 
suctorial  lip :  the  nerves  to  the  musenlar  parts  of  the  jaws  and 
tongue  arise  distinct  from  the  fifth,  and  their  trunk  may  be 
regarded  as  a  *  fn(  iai '  nerve  ;  one  of  the  filaments  of  this  joins  a 
branch  of  tbe  vagus  to  form  a  short  *  nervus  lateralis.' 

Thus  in  reference  to  the  motor  filaments  of  the  trigeminus  or 
p^eat  spinal  nerve  of  the  head,  those  that  form  the  portio  dura  or 
iacial  nerve  in  higher  V  ertebrata  are  not  distinct  from  the  rest  of 
the  trigeminus  at  its  apparent  origin,  except  in  the  Lamprey ;  in 
which,  on  llie  other  hand,  the  motory  filaments  of  the  rectus 
extemus,  fonning  the  sixth  nerve  of  higher  Fishes  and  Vertebrates, 
retain  an  associated  origin  with  the  trigeminal.  The  '  facial  *  part 
of  the  operculo-lateral  division  of  the  fifth,  in  tiie  Perch,^  is  that 
which  supplies  the  mandibular,  opercular,  and  branchiostegal 
muscles.  In  the  extended  medulla  oblongata  of  the  Sander 
{Lucioperca)  the  fikcial  nerve  has  a  distinct  origin  between  the 
trigeminal  and  acoustic. 

The  acoustic  nerve  appears  to  be  a  primary  branch  of  the  fifth, 
in  the  Skate,  fig.  201,  7:  its  distribution  on  the  labyrinth  is  hcan- 
tiftillv  shown  by  Swan  in  i.iv.  pi.  x.  fig.  2.  It  comnnniicatea  on 
tbe  ^rcat  otolithic  sac  with  a  motor  branch  from  the  va^us,  which, 
after  giving  filaments  to  the  posterior  semicircular  canal,  passes 
out  to  supply  the  first  and  the  adjacent  surface  of  the  second  gill, 
and  the  faucial  membrane.  Swan  calls  this  branch  the  '  glosso- 
pharyngeal,' and  says,  *  this  nerve,  on  being  touched  near  its 
origin  in  a  recently-dead  animal,  immediately  produces  a  contrac- 
tion of  the  muscular  appendages  of  the  gills '  (ib.  p.  ^0- 
Cod  the  acoustic  nerve,  fig.  185,  r,  which  here  as  in  all  fishes 
above  the  Dermopteri  is  of  large  sise,  rises  close  behind,  but 
distinct  from,  the  fifth  pair,  ib.  5,  between  it  and  the  vagus,  ib.  s : 
the  acoustic  nerve  receives  a  filament  fifom  the  vagus,  extends  m 
a  crescentic  form,  fig.  196,  s,  upon  the  labyrinth,  expands  upon 
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the  large  sac  of  the  otolite,  ib.  and  sends  filaments  to  the 
ampnlliibrm  ends  of  the  semicarcolar  canals.  In  other.  Osseoiu 
Fidies  (Pike,  Blennj)  the  aooastic  blends  at  its  origin  with  the 

back  part  of  that  of  the  fifth :  it  Bometimes  communicates  with 
the  opercular  branch  uf  the  tilth,  as  well  as  with  the  gh)ssf>- 
pharyn^eal  of  tlie  va^g.  Its  division  on  the  acoustic  sac  is 
shown,  in  the  Pen  h,  at     s,  fig.  203. 

The  nervus  vayusy  ib.       has  a  dcTelopenient  proj>ortional  to 
the  extent  and  complexity  of  the  branchial  apparatus  in  Fishes, 
and  is  osually  larger  than  the  trigeminal :  it  rises,  fig.  185, 8,  from 
the  restiform  tract  forming  the  side  of  the  medulla  oblongata,  and 
commonly  fixnn  a  specially  developed  lobe ;  and  is  distributed  to 
the  branchial  apparatus,  die  pharynx  and  pharyngeal  ardies,  the 
(esophagus  and  stomach ;  it  sends  filaments  to  the  heart»  and  to 
the  air4>ladder  when  this  exists ;  and  it  forms,  or  helps  to  form, 
the  *  nerms  lateralis.'   In  the  Lamprey  a  portion  of  the  vagus 
combines  with  branches  of  the  fecial  and  hypoglossal  nerv  es  to 
form  a  j^hort  side-nerve  extending  to  the  middle  third  })art  uf  the 
body.   In  Salmo,  Clupea^  Acipcnser^  the  *  nervus  lateralis'  is  formed 
exclusively  by  the  va^nis  :  in  the  latter,  as  in  Chimcpruy  Ihfiistcs, 
JDiodoHf  Ci/clopients,  this  nerve  i^?  a  single  1  ii^iUulinal  one:  in 
most  honv  fishes  there  are  two  which  run  parallel  or  nearly  so. 
In  all  these  fishes  it  is  continued  very  far  back  along  the  lateral 
or  latero-dorsal  region  of  the  body ;  sometimes  lodged  deeply  in 
the  lateral  mass  of  muscles,  e.  g.  Belotte,  Clupen,  and  Scomber,^ 
but  more  commonly  the  nerve  or  a  main  branch  lies  just  under 
the  skin,  and  in  the  course  of  the  lateral  mucous  line,  as  in  the 
Salmon  and  Sturgeon ;  in  the  Flat-fish  and  Bull-heads  it  has  both 
a  deep-seated  and  a  superfi<nal  brandu   In  Upmeus  the  super- 
ficial branch  is  sent  oflP,  dorsad,  at  an  open  an«rle  from  the  main 
trunk,  to  the  lateral  line,  above  w^hich  it  runs  in  the  Belone,  the 
superficial  branch  descends  to  gain  the  lateral  line.     In  the 
Carp  and  Herring  the  vaj;al  '  ramus  lateralis'  sends  oft  a  stron^; 
branch  to  the  dorsal  fin  ;  in  the  Garpike  it  sends,  as  in  the  Cod, 
branches  to  the  pectoral  and  ventral  fins ;  it  distributes  other 
branches  to  the  skin  and  mucous  ducts :  and  some  of  these,  in 
most  fishes,  anastomose  with  branches  of  the  spinal  nerves,  fig. 
205.    In  the  Perch  there  are  two  'nervi  laterales*  on  each  side; 
the  dorsal  one,  fig.  203,  m,  above  described,  and  the  proper  lateral 
nerve,  ib.  I :  this  is  formed  exdusively  by  the  vagus,  and  divides 
into  a  superficial  branch,  supplying  the  lateral  line,  and  a  deep- 
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seated  branch,  communicating  with  the  spinal  nervcii,  and  sup- 
plyinir  the  rayocomraatal  ai)()neuroses  and  the  skin.'  Whether 
the  vagus  ibrms  the  whole  or  a  jmrt  of  the  '  uervus  lateralis,'  this 
(Iocs  not  arise  like  the  '  nervus  accessoriuB '  of  higher  Vertebrates, 
from  a  motory  tract  of  the  myclon,  but  from  a  ganglionic  part  of 
the  vagus.  The  'nemis  lateralis'  chiefly  supplies  the  akin, 
mucous  line,  intennuscular  septa,  and  yertical  fins,  most  of  them 
peculiarly  ichthjic  parts,  either  by  their  preponderating  develope- 
menty  or  their  Yetj  existence. 

The  yagns  sends  supra-temporal  branches  to  the  head,  and 
opercular  branches  to  the  gill-coyers.  The  usually  double  roots  of 
the  neryus  yagus  pass  out,  in  most  Fishes,  by  a  single  foramen  in 
the  exoccipital  bone.  The  fore  part  of  the  root  is  the  largest,  and 
is  ganglionic:  it  is  the  true  pneumo-gastric,  supplying  the  gills, 
pharynx,  heart,  and  stomach,  and  sending  liluinents  to  the  sep- 
tum dividin<j  the  branchial  Ironi  the  abdominal  cavitv.  In  the 
Tunny  ilic  branchi;d  nerves  are  remarktiblf  for  their  size  and 
their  radical  jjauirlions.  The  hinder  second  oritrin  is  the  source  of 
the  glosso-pharyngeal  and  lateral  nerves.  The  former,  which 
has  a  distinct  ganglion  in  the  Hening  and  some  other  fishes, 
supplies  the  first  gill  and  contiguous  parts,  and  thence  passes 
forward  to  the  tongue.  Some  fihunents  rising  behind  the  vagus 
have  been  traced  to  the  parts  surrounding  the  brain  within  the 
cranial  cavity.^  Each  yi^al  nerve  of  the  Sturgeon  equals  the 
spinal  chord  in  siae,  and  rises  by  numerous  roots.  The  nerve 
has  a  like  extenmve  tract  of  origin  in  the  Sharks ;  in  which  a 
posterior  &6ciculus,  fig.  187,  s,  representing  the  'nervus  aoces- 
sorius,*  can  be  best  demonstrated. 

There  is  no  '  nervus  lateralis  Mn  the  ^lyxlnoids,  but  the  gastric 
branches  of  the  vagus  are  coniinued,  united  as  a  single  nerve, 
along  the  intestine  to  the  anus.  The  vagus  is  represented  in  the 
Branchiostoma  by  a  branch  sent  from  the  fifth  to  the  pharynx. 
In  the  Myxine  its  origin  is  close  to  that  of  the  fifth.  The 
erectile  palatal  organ  of  the  Cyprinoids  is  wholly,  and  the  electric 
organs  of  the  Torpedo  are,  in  great  part,  supplied  by  this  remark- 
able vagal  nerve.  The  proportion  of  grey  to  white  filaments 
in  the  vagus  of  Fishes  is  greater  than  in  that  nerve  in  higher 
Vertebrates,  which  illustrates  the  progreseive  differentiation  of 
the  great  sympathetic* 

The  Jirti  qdnal,  or  myelonal,  nerve  rises  usually  by  two  roots, 
the  dorsal  one  having  a  ganglion,  rarely  by  non«ganglionic  roots 
exclusively  from  the  prepyramidal  tracts:  it  usually  emerges 
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between  the  cx-occlpital  and  the  athus,  and  divides  into  a  small 
dorsal  and  a  lamer  ventral  braneh :  this  communieateB  with  the 
ventral  branch  of  tiie  next  spinal  nerve,  and  supplies  the  j^ectoral 
fin-muscles,  the  sid)coradoideus,  i,  the  retractor  hyoidei,  c,  and 
geniohyoidei,  27,  fig.  135.  It  is  called  *  hypoglossal  nerve '  by 
8ome  Ichthyotomists ;  but  this  name  more  properly  applies  to  a 
nerve  which,  in  some  fishes,  arises  from  the  medulla  oblongata 
behind  the  TmgOB,  is  distributed  to  the  muscles  between  the  scapular 
and  hyoid  ardies,  and  unites  with  the  first  spinal  nerve. 

Each  of  the  sfunal  nerves  has  a  dorsal  or  sensory,  and  a  ventral 
or  motory  ori^;  sometimes  each  rises  singly;  sometimes,  as  in 
the  God,  by  two  or  more  filaments,  fig.  196.  Both  sensory  and 
motory  roots  are  long  in  most  fiishes:  fhe  sensory  root  is  tlie 
largest,  arises  by  more  filaments,  and  further  back  than  the 
motory  roots,  in  the  Sturgeon. 

In  most  Osseous  Fishes  one  dorsal  root  goes  to  form  the  dor>al 
branch  of  the  sjnnal  nerve,  and  the  other  dorsal  root  joins  the 
ventral  branch  of  the  same  nerve :  sometimes  the  jxanjxlion  is 
formed  on  the  dorsal  root  of  the  dorsal  branch,  as  in  the  Cod ; 
more  commonly  upon  the  whole  sensory  origin  of  the  nerve^ 
where  it  emerges  from  the  neural  canal.  In  some  fishes  (Bream 
and  Garpike)  the  ganglions  on  the  dorsal  root  are  situated  in  the 
spinal  canal:  more  commonly  (as  in  the  Cod,  the  Ling,  the 

Sander)  the  ganglions  are  external  to  the  spinal 
canaL  In  bodi  cases  the  nerve  is  increased  in  sixe 
beyond  the  ganglion  and  the  union  of  the  ventral 
root.  This  is  well  seen  in  the  Skate,  in  which  the 
ganglions  are  situated  beyond  the  holes  of  emer- 
gence, and  the  junction  of  the  two  roots  takes 
place  quite  exterior  to  the  neural  canal. 

The  connection  of  the  roots  with  the  niyelon 
is  weaker  in  Fishes  than  in  air-breathing  animals: 
it  is  so  easily  broken  in  the  Dermopteri  as  to  have 
led  to  a  denial  of  its  existence.*  The  peculiar 
combination  of  the  dorsal  and  ventral  roots  of  the 
spinal  nerves  in  Osseous  Fishes  is  well  seen  in  the 
Cod.*  The  dprsal  root  sends  a  filament,  fig.  204,  a, 
upward,  which  joins  a  ventral  filament,  b,  from 
the  preceding  nerve,  and  forms  the  ramus  dor- 
salis,  d ;  the  dorsal  root  sends  two  filaments,  c,  downward,  which 
unite  together,  and  with  a  ventral  filament,  c,  of  the  same  nerve 
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to  form  the  'ramus  ventralis,*  v.  The  filament  of  the  ventral 
root  sent  to  the  ramus  dorsalis  of  the  succeeding  nerve  perforates 
the  lower  division  of  the  dorsal  root  of  its  own  nerve. 

Thus  each  spinal  nerve  forms  a  *  ramus  dorsalis/  fig.  205,  lo, 
and  a  *  ramus  ventralis/  ib.  8;  the  ramus  dorsalis  includes  a 
sensory  filament  of  its  own  nerve,  and  a  motory  filament  of  the 
antecedent  nerve :  the  *  ramus  ventralis '  is  formed  by  a  motory 
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Lateral  nerve  aiid  branches,  Cod.  lit. 


and  a  sensory  filament  of  its  own  nerve ;  both  rami  '  ventrales ' 
and  *  dorsales '  are  associated  together,  and  with  the  vagal  and 
trigeminal  nerves  through  the  medium  of  the  great  *  nervus 
lateralis,'  fig.  205,  i,  8. 

The  dorsal  roots  of  the  nerves  distributed  to  the  free,  explora- 
tory, pectoral  rays  of  the  Gurnards,  rise  from  special  ganglionic 
swellings  of  the  cervical  portion  of  the  dorsal  myelonal  columns. 

§  56.  Nerves  of  Reptiles, —  The  olfactory  nerves  are  continued 
in  Reptiles,  for  a  greater  or  less  extent,  from  the  rhinencephalon, 
figs.  188,  191,  to  the  olfactory  sacs;  the  white  and  grey  tracts 
beneath  the  prosencephalon,  fig.  190,  p,  described  as  roots  of  this 
nerve,  belong  to  the  rhinenccphalic  crura:  the  true  olfactory 
nerves  are  less  distinct  from  their  centres  than  in  other  Ver- 
tebrates. In  the  Python,  fig.  188,  the  nerves,  i,  of  equal 
diameter  with  their  centres,  gradually  expand,  by  resolution  of 
their  fibres,  as  they  approach  the  olfactory  sacs,  ib.  d,  and  are 
joined  by  part  of  the  first  division  of  the  *  fifth.'    The  olfactory 
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nerves  progressively  increase  in  length  in  the  Turtle,  Iguana,  and 
Crocodile.  The  distribution  of  their  fibres  ujx>n  the  vascular 
pituitary  membrane,  supi>ortcd  by  the  turbinal  cartilage,  is  well 
displayed  in  a  Hunterian  preparation  of  the  Turtle.* 

The  optic  nerves,  corresponding  in  size  with  that  of  the  eyes. 


206 
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are  smallest  in  the  fish-like  Batrachians.  They  arise  from  the 
optic  lobes,  fig.  192,  o,  thalami,  and  optic  tracts,  ib.  r/,  and  blend, 
by  a  few  decussating  laiuina»,  into  a  chiasma,  ib.  />,  before  diverg- 
ing to  the  visual  organ  :  their  course  is  shown,  in  the  Python,  at 
2,  fig.  1{S8.    The  positi<m  of  the  *  third  '  or  oculo-motor  nerve  is 
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shown  at  3,  fig.  188.  The  course  of  the  ^fotirth'  to  the  upper 
ohiiqne  nuiscle  1-  .^hown  at  4,  fig.  ihcS.  This  nerve  does  not 
exist,  separately,  in  the  fish-like  Batrachians. 

The  £i'th  or  tngeminal  nerve  shows  its  douhle  (ganglionic  and 
non-ganglionic)  origins  in  all  Reptiles,  and  its  threefoM  prhnnry 
division  very  distinctly,  in  all  ahove  the  Peremdbranehiates.  In 
the  Serpent  the  first  division  is  shown  at  6^  fig.  188»  extending 
forward  beneath  the  'fourth'  nerve  and  upper  oblique  muscle, 
and  above  the  ol&ctory  nerve  and  capsule.  The  second  divmion, 
fig.  188»  fig.  206,  4,  after  communicating  with  the  sym|)athetio 
nerve,  divides:  one  branch  supplies  the  membrane  of  the  mouth 
and  palate ;  the  other  passes  out  by  canals  in  the  upjKT  jaw,  and 
teniiinates  on  the  follicles  and  substance  of  the  upper  lip.  The 
third  di\  i.Niun,  fig.  188,  7,  ficf.  206,  5,  sends  branches  ul"  its  mm- 
gau<j;1ionic  ]>nrt  to  tlic  muscles  of  the  jaAvs  ;  a  larj^e  branch  enters 
the  dental  canal  oi  the  mandible,  supi)lics  the  to<)th-ca])Sules,  and 
emerges  by  three  or  more  divisions :  two  of  these,  emerging  at 
the  lower  part  of  the  mandible,  communicate  with  branches  of  the 
*  eighth'  and  '  ninth*  nerves,  to  be  distributed  to  the  muscles  and 
parts  beneath  the  mandibular  arch:  another  gives  filaments  to  the 
membrane  of  the  moutik  as  far  as  the  sheath  of  the  tongue ;  the 
main  continuation,  emerging  at  a  foramen  near  the  symphysis, 
6um)lies  the  lower  lip. 

Xn  the  Turtle  the  first  or  ophthalmic  division  of  the  fifth 
advances  some  way  in  the  substance  of  the  dura  mater  before 
entering  the  orbit ;  it  sends  a  filament  to  combine  with  one  of  the 
third,  to  supply  the  ciliary  nerves,  without  forming  a  ganglion :  it 
supplies  the  lacrymal  and  luuderian  glands,  and  is  continued  to 
the  olfactory  fossa.  The  second  or  maxillary  division  quits  the 
third  on  cnh  riuL:  the  floor  of  the  orbit,  along  which  it  curves, 
sending  from  its  concavity  filaments  to  the  lacrymal  glands,  and 
dividing  into  two  chief  branches  ;  the  internal  branch,  answering 
to  the  spheno-palatine  and  suborbital,  supplies  the  palate  and  floor 
of  the  nasal  cavity,  and  emerging  at  the  fore-part  of  the  orbit,  it 
spreads  upon  the  maxillary  tegument :  the  external  branch  passes 
along  the  floor  of  the  orbit,  and  emerges  upon  the  face.  The 
third  or  *  mandibular  *  division  descends  at  the  back-part  of  the 
orbit,  in  firont  of  the  tympanic  bone,  supplies  the  temporal  and 
pterygoid  muscles,  enters  the  mandibular  canal,  and  ^tributes 
branches  inwardly  to  the  tongue  and  floor  of  the  mouth,  outwardly 
to  the  mandibular  follicles  and  tegument. 

In  the  Frog  the  maxillary  and  manililMiiar  <li\isions  of  the 
trigeminal,  arising  distinctly  from  the  gaugiion,  diverge  to  their 
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respective  de8tiiiations  at  the  middle  of  the  floor  of  the  oibit: 
the  liiudmost  hranch,  continuou!*  with  a  filament  from  the 
acoustic  nerve,  unites  with  a  branch  of  the  va^i^us,  and  is  distrihuttii 
like  the  'portio  dura'  of  the  'seventh'  nerve.  Tlie  di-tiuct 
orijxin  of  this  nerve,  between  the  "fifth*  and  acoustic,  is  shown 
in  the  Python,  fig.  188,  8;  it  communicates,  fig.  206,  6,  with 
the  ganglion,  ib.  i,  of  the  sympathetic,  then  paases  through  the 
'apertor  oris/  to  which  it  gives  a  branch;  commuiiicates  with 
the  first  spinal  nerve,  and  terminates  on  the '  costo-mandibularis' 
muscle.  The  acoustic  nerve,  fig.  188,  s,  soon  divides,  and  enters 
the  labyrinth  by  two  or  more  foramina.  The  gloflso-pbaryngeal, 
fig.  188, 10,  is  distinct  at  its  origin  in  Serpents  and  higher  Beptilcs. 
In  Batrachia  it  issues  from  ^e  ganglion  of  the  vagus.  In  the . 
Python  the  glosso-pharyngeal  passes  chiefly  to  the  ganglion, 
fig.  206,  1,  of  the  sympathetic.  The  *nervu8  vagus,'  fig.  188,  »> 
arises  by  several  fi  hum  uis,  and  in  the  Cheloniau  and  Crocodlhsn 
reptiles  is  recruited  liv  an  *  accessor i us,'  arising  from  the  tract  of 
the  first  and  second  ^|jinal  nerves.  In  the  Python,  iig.  206,  8, 
the  \a«;us  connnunicates  with  the  sympathetic,  and  then  receives 
the  continuation  of  the  o^losso-pharyngeal  trom  the  ganglion,  i. 
It  sends  a  branch  to  communicate  with  the  *  ninth,'  and  to  be 
distributed  to  the  muscles  and  membrane  of  the  fauces.  The 
trunk  is  then  continued  down  or  back,  close  to  the  trachea  and 
jugular  vein:  on  the  lefi  side  it  also  accompanies  the  carotid 
artery :  it  sends  filaments  along  the  large  vessels  to  the  heart,  and 
others  behind  each  aorta,  sinular  to  the  recurrent  nerves,  to  be 
distributed  upon  the  trachea  and  oesophagus:  each  trunk  for  a 
short  space  accompanies  the  corresponding  pulmonary  artery  to 
the  lung.  Before  reaching  the  liver  it  passes  ventrad  of  the 
lung  for  a  short  distance,  and  joins  its  fellow  to  form  a  single 
nerve.  This  is  continued  under  the  capsule  of  the  liver  suj)ply»ng 
that  organ,  the  lungs,  an  d  d  sophaj^us.  Near  the  end  of  the  liver 
the  vagus  sends  a  large  laaiicli,  wliich  conmiuuicates  freely  with 
the  synij)athetic,  to  the  left  surface  of  tlie  ^^omach,  and  this  also 
gives  filaments  to  the  contiguous  part  of  tlie  lung.  The  truuk, 
on  the  right  of  the  stomach,  commuuicating  with  the  sympatlicfic, 
and  with  the  division  on  the  lefit,  is  continued  a  short  way  ou  the 
membrane  connecting  the  viscera,  gives  branches  to  the  right  side 
of  the  stomach,  and  terminates  on  the  beginning  of  the  intestine, 
at  the  pancreast 

In  the  Chelmia  and  Cr&codiUa  the  vagus  quits  the  skull  by  two 
or  three  of  its  roots,  which  unite  outside  to  form  the  trunk  of  the 
nerve ;  its  communication  with  the  glosso-pharyngcal,  the  ninth, 
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and  the  sympathetic,  together  with  its  ultimate  (llstrlbiitlon,  are 
in  the  main  like  t)iose  in  Ophidia ;  it  exclu!?ively  supplier  the 
heart.  In  the  Anijiliislxvuu  the  acces^sorins  is  partially  blended 
with  the  vagus,  and  se|)arates  from  it  to  be  distributed  to  the 
oervical  muscle,  joining  branches  of  the  first  two  spinal  nerves. 
In  Chelonia  and  CrocodiUa  the  accessorius  blends  with  the  gan- 
glion of  the  vagus:  its  continuation  may  be  recognised  in  the 
posterior  branch  sent  by  the  vagus  to  the  nuchal  muscles. 

The  'ninth'  or  hypoglosaal  nerve»  fig*  188^  is^  arises  from  the 
motoiy  tracty  behind  the  vagus,  from  the  trunk  of  which  it  recdves 
a  branch ;  it  receives  a  smaller  branch  from  the  facial  nerve ;  com- 
mnnicates  with  the  anterior  cervical  nerves ;  and  is  distributed  to 
the  muscles  of  the  pharynx  and  tongue,  to  the  forked  end  of  which 
the  lingual  branch  may  be  traced.  It  sends  a  communicating 
branch  to  tho^e  of  the  mandibular  nerve,  which  are  distributed  to 
the  muscular  floor  of  the  mouth.  In  the  Tortoise  the  hypoglossal 
escapes  bv  two  precondyloid  foramina;  alter  the  union  of  these 
origins  the  trunk  eonnnunicatcs,  as  in  Ophidia,  with  the  vagal 
and  jj^losso-pharynfroal  nerves :  it  sends  a  branch  to  the  hyoid 
muscles,  a  branch  ibrward  to  tlie  tongue,  and  a  third  downward 
to  the  omohyoideus:  the  latter  accompanies  the  vagus  as  far  as 
the  fifth  cervicaL 

The  vagus  enters  in  a  larger  proportion  into  the  formation  of 
the  nerve^  or  rather  plexus,  distributing  branches  to  the  parts  to 
which  the  source  of  nervous  supply  is  ascribed  to  the  hypo* 
glossal ;  but  tins  nerve  has  a  distinct  origin  by  two  roots  in  the 
Turtle. 

The  first  and  second  spinal  nerves  arise,  in  Chelone,  like  the 

hypu;:,lossal,  by  motory  roots  only;  the  sensory  or  dorsal  roots  in 
the  other  ccrvicals  are  smaller  than  the  motory  ones.  The  skin 
of  the  neck  is  not  very  sensitive :  the  muscles  are  larf^e  and 
numerous.  In  the  back,  where  muscles  arc  few  and  small,  the 
sensory  roots  of  tha  spinal  nerves  exceed  the  motory  ones  in  size. 

The  nerve  which  emerjres  between  the  hr-t  mid  -i  <  ond  trunk- 
vertebrae  in  Batrachia  supplies  the  muscles  and  intetruments  of 
the  subjacent  part  of  the  throat,  and  sends  a  few  h  laments  to 
those  of  the  scapula.  Four  of  the  succeeding  spinal  nerves 
combine  in  the  Salamander  to  form  the  brachial  plexus:  two  only 
form  that  plexus  in  the  Frog,  that  emerging  between  the  second 
and  third  vertebne  being  the  largest.  In  the  Crocodile  the  sixth 
and  seventh  cervical  nerves^  with  the  two  following^  combine  to 
form  the  brachial  plexus.  In  the  Turtle  the  sixths  seventh^ 
eighth,  and  ninth  spinal  nerves  constitute  the  brachial  plexus. 
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This  ^tribntes  »  '  circumflex '  or  axillaiy,  an  uliur,  a  radial  or 
'  muaculo-epiral/  and  a  median  nerve.  The  circumflex  euppliea 
the  latiflsimufl  dorri,  daviculo-brachialiB,  Baperooraooideos  and 
teres  minor,  and  terminates  on  the  integument  at  the  hack  of  the 

arm.  The  ulnar  nerve  divides  at  the  upper  third  of  the  humerus 
into  a  branch  supplyinp^  the  extensor  connnunis  digitiOrum,  ex- 
tensor proprius  poiiicis,  and  ulnaris  externus,  a  branch  for  the 
triceps  brachii,  and  a  sii]i(  rficial  cutaneous  nerve  di8tril)uted  to 
the  intecrnment  on  the  back  of  the  fore-arm  and  band.  The 
radial  nerve  passes  to  the  outer  side  of  the  humerus,  distributiug 
muscular  branches  in  its  course,  winds  to  the  inner  ttde*  deecends 
in  front  of  the  elbow-joint,  and  terminates  in  muscular  mid 
cutaneous  branches.  The  median  nerve  passes  along  the  back- 
part  of  the  scapula,  giving  branches  to  the  pectoxalia  major»  to 
the  shoulder-joint  and  surrounding  skin:  passes  between  the 
bumend  tuberosities^  supplying  the  triceps  brachii  and  braehialis 
intemus :  then  divides  into  an  external  branchy  paenng  between 
the  pronator  teres  and  radialis  intemus,  and  supplying  the  flexors 
of  the  dif^lts,  and  into  an  internal  branch,  gliding  between  the 
radius  and  ulna,  and  ultimately  forminrr  tlic  volar  arch. 

In  the  Frog  the  axillary  nerve  sends  a  l)ranch  to  the  muscles 
and  skin  above  the  scapula:  it  is  continued  into  the  brachial, 
which  bifurcates.  One  branch  winds  round  the  humerus,  like  the 
*  musculo-spiral,'  sends  a  branch  to  the  extensor  cubiti,  and  passing 
in  front  of  the  elbow-joint  penetrates  the  mass  of  flexor  muscles, 
and  reappears  at  tlie  outer  side  of  the  fore-arm :  it  sends  one 
branch  to  the  skin,  and  another  to  the  back  of  the  hand,  which 
diindes  to  supply  the  same  aspect  of  the  digits.  The  other 
division  of  the  brachial  nerve  represents  the  'median;*  it  divides 
into  a  larger  branch,  runiung  along  the  interosseous  furrow  of  tlie 
ulno-radial  bone,  which  supplies  the  palm  and  palmar  surface  of 
the  digits,  and  into  a  smaller  branch,  which  supplies  the  flexor 
muscles  of  the  digits. 

The  spinal  nerves  of  the  Serpent  differ  from  those  of  the  Eel 
in  the  more  distinct  ganglion  on  the  posterior  root,  and  this  rises 
clo«pr  to  the  anterior  root,  which  is  rather  larger.  Each  spinal 
nerve  communicates  with  the  sympathetic,  and  accompanies 
the  rib,  to  be  distributed  to  the  vertebral  muscles  and  integu- 
ment, iig.  206. 

In  the  Tortoise,  nerves,  analogous  to  the  phrenic,  are  sent  from 
the  first  three  dorsal  pairs  to  the  sheets  of  the  diaphragmaticus, 
fig.  150,  42,  Succeeding  dorsal  nerves  communicate  with  the 
sympathetic,  and  send  filiunents  into  the  substance  of  the  carapace. 
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most  of  which  pass  through,  and  terminate  in  the  vascular  beds  of 
the  hornv  pontos. 

The  sevcntli  and  eighth  dorsal  nerves,  aiul  the  three  consecutive 
pairs,  contribute  to  the  formation  of  the  crural  plexus.  The 
•ciatic  nerve  is  formed  by  the  last  dorsal  and  the  first  two  sacral 
nerves*  In  the  Grooodiles  and  Lizards  the  sciatic  is  formed  hj 
but  two  spmal  nerves:  in  the  Frogs  and  Toads  by  three, 
figs.  207,  208. 

The  cmral  plexus  in  the  Tortoise  sends  filaments  to  the  trans- 
versalis,  fig.  150, 4 1,  and  obliquus  abdominis,  fig.  151, 40 ;  to  some 
of  the  pelvic  muscles  and  the  glutiei;  it  is  then  continued  into  the 
limb  as  the  'crural  nerve.*  The  obturator  nerve  is  a  direct  branch 
of  the  last  dorsal.  The  sciatic  nerve  gives  u  filimiont  to  the 
second  ghitieus  and  to  the  obturatorius,  and  continues,  as  a 
large  trunk,  to  behind  the  knee-joint,  where  it  divides  into 
the  tibial  and  peroneal  n*  rs  cs.  The  tibial  subdivides  into  a 
popliteal  branch,  supplying  the  miKcles  at  the  back  of  the  leg 
and  the  sole  or  plantar  side  of  the  foot,  and  into  an  external 
branch  to  the  external  muscles  and  int^ument^  In  the  Turtle 
{CTiehney  one  division  of  the  sciatic  gives  branches  to  the 
muscles  of  the  thigh,  and  is  continued  to  the  plantar  surfiice 
of  the  fix>t,  dividing  into  digital  nerves,  terminating  on 
ihe  skin;  the  other  division,  afler  giving  off  some  muscular 
branches,  passes  to  the  skin  on  the  donal  sur&ce  of  the  fin. 

In  Lizards  the  cmral  nerve  is  formed  by  the  two  lumbar  nerves, 
and  is  distributed  to  the  muscles  on  the  fore-part  of  the  thigh ; 
the  sciatic  nerve  is  formed  by  the  last  lumbar,  the  two  sacral 
nerves,  is  continued  along  the  inner  side  of  the  thigh,  supplying 
the  muscles  as  far  as  the  digits,  and  branching  to  accompany  them. 

In  the  Frog  a  pearly  vesicle,  with  calcareous  molecules,  v<^ycvs 
each  spinal  nerve  wliere  it  comes  out  of  the  spinal  canal.  Oi  the 
four  pairs  of  nerves  which  ]»roceed  from  the  termination  ol'  the 
short  myelon,  three  constitute  on  each  side  tlie  '  sciatic  plexus,' 
which  unites  into  a  single  large  nerve  op|)osite  tlie  accta])ulum. 
The  sciatic  nerve  enters  the  muscles  at  the  back-part  of  the  thigh, 
auppliee  them,  and  divides  near  the  knee*joint  into  an  external 
and  internal  bianch,  distributed  to  the  muscles,  digito,  and  skin  of 
the  hind-leg  and  foot 

The  tenacity  of  vital  force  in  HtBmatoerya,  and  the  seemingly 
peculiar  susceptibility  to  the  voltaic  current  in  the  Frog,  have 
made  that  animal  the  usual  subject  of  the  experiments  exemplifying 

»  tlV.  pi.  XTt 


Digrtized  by  Google 


S16 


ANATOMY  OF  VEBTEBEATES. 


relations  between  the  electrical,  nervous,  and  muscular  forces.  Tt 
may  be  convemeiit,  therefore,  to  some  readers  to  finii  iiere,  in  noii- 

nection  with  the  ncrvon** 
207  system  oi  tiie  Bafrachm^ 

an  account  of  the  chief 
modes  of  preparing  it 
for  the  purpoBe  of  aach 
experiments.  G  a!  vani 
remoyed  the  akin  from 
the  hinder  part  and  limbs 
of  the  frog,  exposed  the 
lumbar  plexus,  leaving 
it  in  oonneetion  with  the 
part  of  the  spine  from 
which  the  nerves  issued, 
and  cut  away  all  the 
parts  save  the  trunks  of 
the  peiatic  nerves,  be- 
tween the  spine,  s,  and 
the  hmd  limbs,  A  &  H, 
fig.  207.  So  prepared, 
it  is  usually  called  *6ral-* 
vani's  frog.' 

The  *  galwiOBoopio  1^,*  fig.  207, 0,  ia  prepared  by  akinning  h, 
dissecting  oat  the  sciatic  nerre  fix>m  among  the  mnaeles  at  the 
posterior  part  of  the  thigh,  then  amputating  the  leg  just  aboye 
the  knee-joint,  leaving  the  nerve  connected  with  the  leg,  c. 

If  the  nerve  of  C  be  laid  upon  the  muscles  of  either  le<:j^  of 
Ckdvani's  firog,  a  orB,  and  if  these  muscles  arc  excited  to  contrac- 
tion, by  pricking  the  mvelon  in  s,  the  muscles  of  the  jralvanoscopic 
leg,  C,  will  be  simultaneously  contracted.  If  a  second  galvano- 
scopic  leg  be  prepared,  and  the  nerve  be  laid  upon  the  muscles  of 
the  first,  and  a  tiiird  be  placed  in  the  same  rehition  with  the 
second,  contractions  will  take  place  in  all  three  legs,  when  the 
thigh-muscles  of  the  Galvani's  frog,  A  &  B,  are  excited  to  contract. 
This  *  induced  contraction'  cannot  be  extended  to  a  fourth  gal« 
Tanoscopic  leg. 

If  the  nerve  of  the  galvanoscopic  leg  be  left  in  connection  with 
the  rest  of  the  frog's  body,  and  the  nerve  be  laid  across  the  thighs 
of  a  '  Galvani's  frog,'  as  in  fig.  208  ;  these  being  excited  to  con- 
tract, not  only  the  galvanoscopic  leg,  c,  but  the  opposite  leg,  f, 
contract;  the  one  by  direct  stimulus  of  the  sciatic  nerve,  the 
other  by  stimulus  of  the  myelon  from  the  inferent  or  *  sensitive' 
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fibres  of  the  nerve,  c,  reflected  upon  the  limb,  f.  In  short,  that 
muscle  will  contract  when  the  stimulating  current  has  its  origin 
in  a  source  external  to  that  body. 


Oalvwiofeeple lev, o.  In  «oiiti«etlioii Willi  tlMCWt«f  llMfraff.  v,laMMra««*aatTinrifh)v.*  cor, 


Immerse  each  leg  of  a  'GalvaniV  frog'  in  a  cup  of  water, 
the  positive  wire,  P,  of  a  voltaic  battery  being  placed  in  one 
€up»  the  negative  wire,  a,  in  the  other,  aa  in  %•  209.  In 


209 


Frog,  u  prewed  bjr  OftlTaaL  r,  poaitlTo  wire :  s,  iiegativo  wire :  of  the  batteiy ;  o,  ootuMctliif  win  of 

tiMtiroTiMela. 


the  limb  A  the  current  runs  in  the  reverse  direction  of  that 
of  the  Yolitional  nervous  force :  in  the  limb  B  it  runs  in  the 
same  direction.  Ailer  the  voltaic  current  has  passed  a  short 
time  through  the  nervea,  contractionB  occur  in  the  limb    not  in 
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the  limb  A,  in  '  making  *  the  current,  or  completing  the  circuit ; 
whilst  rontnictions  occur  in  the  limb  a  iu  *  breaking'  the  current, 
as  by  removing  t)ne  of  the  wires  :  the  limb  in  which  tlie  current 
id  direct  contracts  on  niakinir  tlie  current;  the  limb  in  which  the 
current  is  inverBC  coutrarts  on  breakinff  the  current.  It  needs 
only  to  leave  one  wire  in  tlie  water,  and  to  remove  or  introduce 
the  other,  in  order  to  *  break '  or  *  make '  the  current.  H*  the  two 
vessels  be  further  connected  by  a  conductor  of  copper  wire,  as  at 
o,  fig.  209,  contractiona  of  both  limba  take  place  on  both  making 
and  breaking  the  connection. 

Neuricitj^  is  not  electricity,  any  more  than  is  mjonicitj; 
both  are  pecoliar  modea  of  polar  force.  Any  point  of  the  sorikoe 
of  a  nerve  is  positive  in  rdation  to  any  point  of  the  transverBS 
section  of  the  same  nerve,  just  as  any  point  of  the  snr&oe  of 
a  muscle  is  positive  in  relation  to  any  point  of  the  transverse 
wcction  of  the  same  muscle.^  Ligature  of  a  nerve  arrests  the 
nervous  current,  not  the  electric  current ;  a  divided  nerve  con- 
nected by  an  electric  conductor  transmits  the  electric  current ; 
but  the  nervous  current  excited  by  stimulus  above  the  section 
is  arrested  by  the  electric  conductor.  Neuricity  is  convertible 
into  myonicity  and  into  other  ibrms  of  polar  force,  just  as 
myonicity  or  the  muscular  force  may  be  disposed  of  by  conver- 
sion into  heat,'  electricity,^  and  chemicity,  the  latter  shown  by  the 
evolution  of  carbonic  acid.*  Molecular  change,  in  nervous  and  in 
muscular  fibre,  attends  the  exercise  of  their  respective  forces^ 

{  57.  Sympathetie  system. — Tlus  consists  of  one  or  more  ganglia, 
usually  a  series  of  such  arranged  on  each  side  of  the  vertebral 
centres  from  near  the  ocdput  to  the  oppoate  end  of  the  abdominal 
cavity,  or  to  the  anterior  caudal  vertebrje.  'Wliere  the  tranglia  are 
numerous  they  arc  connected  iu  cacli  lateral  scries  hy  a  l)and  of 
nervous  fibres,  and  resemble  a  pair  of  gangliated  cords.  These 
communicate  with  the  contiguous  spinal  norves.  and  with  the 
cranial  nerves,  usually  throucrh  small  gano^lia  ]u  ditlerent  j)arts  of 
the  head,  fig.  206.  At  the  caudal  end  the  two  sympathetic  cords 
usually  unite  with  a  single  ganglion  in  the  under  or  fore  part  of 
the  body  of  the  anterior  caudal  vertebra. 

A  sympathetic  ganglion  is  a  body  connected  with  bundles  of 
nerve*fibre8,  the  chief  proceeding  to  or  from  it  in  the  direction  of 
its  axis,  the  smaller  nerves  diverging  more  or  less  transversely* 

■  *  Via  wrimt,*  *  Nervous  force,'  *  Ncnroiif  flnidi*  it  is  in  relation  to  the  Tntter  namei 
cxpresnivc  of  an  oxi>loikd  idra,  th:\t  the  tvrm  'current*  if  stil?  nsed  ia  lefereDce  tO  tbfl 
couna  of  the  polar  force,  whvilter  liervoiu,  mi^aetic,  or  electric. 

•  ccxi.  •  ccix.  *  lb.  •  Ik, 
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From  the  sympatbctic  (giwtrlc)  ganglion  of  the  iUijr. 
OOQUUL 


It  coneists  of  '  ganglionio  corpuscles,' or  ganglion-vendes,  fig.  210, 
a,  b,  Cy  and  nervc-iibrcs,  imbedded  in  a  nucleated  fibrous  tissue. 

The  ganglion  vesicle  may  be 
circumscribed,  or  be  continued 
into  a  nerve-fibre,  or  into  two 
nerve-fibres  from  opposite  poles 
of  the  vesicle ;  it  is  termed  ac- 
cordingly 'apolar,'  'unipolar/  and 
'bi-polar:'  the  last  is  the  most 
oommon  form,  the  first  probably 
a  genetic  stage.    When  a  gan- 
glion-cell is  connected  by  more 
than  two  processes  with  nenres, 
it  is  a  *  multipolar  cell:'  these 
are  most  common  in  the  ganglia 
of  the  main  cord  of  the  sympa- 
thetic ;  the  bipolar  cells  prevail  in  the  ganglia  of  the  posterior 
roots  of  the  spinal  nerves,  fig. 
201.  The  nervc-fibrcs  in  ofanfrlions 
consist  of  the  '  white '  or  broader 
kind, and  of  the  'grey 'or  finer  kind; 
there  are  also  still  more  minute 
but  solid  or  homogeneous  fi1)rcs, 
surrounding  and  connecting  the 
true  nervous  constituents  of  the 
ganglion.    A  nerve  on  entering 
a  ganglion  breaks  up  into  its 
component  fibres,  which  interlace 
about  the  ganglion-cells,  some- 
times winding  round  them,  with 
plexifiMrm  interchanges  of  fibres 
from  other  entering  nerves  and 
from  the  cells. 

Bidder  and  Volkman' 
subjoined  magnified  view, 
212,  of  the  '  intercommunicatinu!;' 
nerve-fibresbetween  a  sympathetic 
ganglion  and  a  spinal  nerve  in  the 
Frog.  H  P  is  the  sympathetic,  n 
showing  the  part  next  the  head; 
G  P  is  the  spinal  nerve,  o  showing 
the  part  next  the  myelon ;  a  is  a  portion  of  the  communicating 
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branch  pacunng  to  tbe  myelim ;  b,  a  portion  pasaing  to  tlie  peri- 
phery; Cf  fibres  of  the  oommimicating' nerve  passing  in  the 
sympathetio  towards  the  head;  d,  sinukr  fibres  passing  towards 


212 


Commttiilotlon  Iwtwccn  Uw  ■ympaUwUc  md  Uiird  •ptnai  nerre  in  Uw  Fwg.  oooul. 


the  pelvis;  </,  are  ganglion-cells;  h,  specks  of  pigment^  which 
mark  the  ganglions  in  the  Frog. 

§  58.  Sympathetic  of  Fishes, —  This  system,  as  being  an  oflh 
shoot  or  subordinate  element  of  the  general  myelencephah>ii8 
series  of  nerve-organs,  is  differentiated  by  progressive  steps.  In 
the  Myzinoid  Fishes  it  is  represented  by  the  intestinal  branch 
continued  from  the  confluence  of  the  two  nend  vagL  In  Osseous 
Fishes  the  yisceral  plexuses  are  continued  into  or  connected  with 
slender  nenres,  accompanying  the  aorta  along  the  hsnnal  canal, 
and  representing  the  trunks  of  the  sympathetic  in  higher  Yerte- 
bnites.  The  first  or  anterior  communication  of  this  nerve,  in  the 
Cod,  is  with  a  branch  of  the  fifth,  and  a  filament  is  sent  forwaixi 
to  the  ciliary  ganglion :  in  the  Carp  a  filament  joins  the  abducent 
nerve,  to  which  Cuvier  thought  he  had  also  traced  a  filament  of 
the  sympathetic  in  the  Cod ;  the  sympathetic  next  communicates 
with  that  anterior  portion  of  the  vagus  (the  giosso-pharyngeal) 
which  joins  part  of  the  acoustic  nerve,  and  supplies  the  first  paiv 
tition  of  the  gills ;  the  sympathetic  trunks  also  receiye  accessions 
fiN>m  the  trunks  of  the  vagus,  and,  converging,  interoommnnicate 
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by  a  cross  branch :  they  then  send  nerves  which  join  fhe  gastric 
branches  of  the  vagi,  in  order  to  form  or  join  a  splanchnic  ganglion 
and  plexus  on  the  mesenteric  artery,  from  which  plexns  branches 
are  sent  to  the  intestines,  iiancrcas,  and  spleen.  The  sympathetic 
tninkfl  arc  contmui d  on  each  side  of  the  aorta,  along  the  hack  of 
the  abdomen,  into  the  liicmal  caiml ;  commimicate,  in  their  rourye, 
with  the  ventral  branches  of  each  of  the  spinal  nerves ;  supply  by 
iilameuts,  usually  accompanying  the  arteries,  the  kidneys,  the 
generative  glands,  and  the  urinary  bladder,  where  this  exists; 
and  often,  finally,  blend  together  into  a  common  trunk  beneath 
the  taiL  Ganglions  arc  pometimes  foand  at  the  junction  of  the 
aympathetio  with  the  fifth,  as  well  as  at  that  with  the  glosso- 
pharyngeal  and  with  the  Tagos,  before  the  great  splanchiaic  is 
formed :  small  ganglions  are  more  rarely  discernible  at  the  junction 
of  the  sympathetic  with  the  spinal  nerves. 

The  sphmchnic  ganglion  of  the  Skate  is  a  la^  fusiform  body, 
of  an  ash-red  colour;  fhe  succeeding  ganglia  on  the  trunks  of 
the  symi)athetic  are  larger  and  more  constant  than  in  Osseous 
fishes  ;  but  the  intervening  chords  are  semi-transparent, 

§  59.  Sympathetic  of  Reptiles. — The  trunks  of  the  sympathetic 
appear,  in  the  Frog,  to  be  formed  in  a  great  proi>ortion  by  con- 
tributions from  or  communirations  with  the  spinal  nerves :  there 
are,  however,  slight  enlargements  at  the  points  of  connection, 
often  marked  by  pigment^lls,  in  which  true  gaogUon-cells 
occur,  as  shown  in  fig,  212,  h. 

In  Qphidia  the  trunks  of  the  sympathetic,  conspicuous  at  the 
anterior  part  of  the  tmnk-cavily,  on  each  side  the  yertebra. 
bodies,  show  as  little  any  enlargements  where  they  receive  the 
communicating  branches  of  the  spinal  nerves  as  in  Bairaehia, 
They  slightly  diverge  as  they  ap[)roach  the  basis  eranii,  and  are 
reflected  outwards  to  the  vagus,  forming  a  conspicuous  ganglion 
at  the  junction.  From  this  ganglion  the  sympathetic  is  continued 
forward  in  a  canal  ol  the  basisphenoid,  and  lbrins>  a  small  ganglion 
with  a  branch  ui  the  second  ilivision  of  the  fifth ;  it  sends  fila- 
ments to  the  membrane  covering  the  posterior  part  of  the  mouth 
and  i^alate,  one  of  which  communicates  again  with  the  maxillary 
nerve.  From  the  last  ganglion  tliere  proceeds  '  another  branch 
forward  to  form  another  ganglionic  union  '  (spheno-palatine)  *  with 
a  branch  of  the  second  trunk  of  the  fifth,  and  from  this  a  branch 
is  sent  to  the  posterior  part  of  the  nose,  to  nunify  on  the  schnei- 
derian  membrane;  other  branches  are  given  to  the  membrane 
covering  the  moutii  and  palate,  and  one  passes  forward  and  com- 
municates again  with  a  branch  of  the  second  trunk  of  the  fifth, 

VOL,  I.  Y 


Digitized  by  Google 


823 


ANJITOHT  OF  YBBTEBRATES 


and  IB  distributed  on  the  membrane  covering  the  anterior  part  of 
the  month  and  palate*  It  is  worthy  of  remade  tibat  the  nenrea 
distributed  on  the  membrane  of  the  mouth  and  nose  communicate 

so  many  times  with  branches  of  the  second  trunk  of  the  fifth,  and 
their  connection  is  bo  nmcli  greater  than  in  the  Turtle  ;  hut  in 
this  creature  the  palate  is  horuy,  and  not  so  extensive  in  propor- 
tioT!  to  the  size  of  the  head,  s,  prolongation  of  tlie  sympathetic 
t'oimeeted  with  tlie  trunk  of  the  par  vagum,  hut  not  directly  with 
the  ganglion  of  the  sympatlietic ;  it  communicates  with  the  ninth 
nerve,  then  passes  dovm  the  spine,  and  oommimicates  with  the 
eleven  superior  spinal  nerves;  it  emerges  on  each  side  at  the 
place  the  superior  branches  of  die  vertebral  artery  enter  to  dis- 
tribute branches  in  the  intercostal  spaces ;  it  is  continued  down- 
wards in.  a  very  fine  plexiform  prolongatioa  with  the  vertebral 
artery,  as  far  as  the  origin  from  the  right  aorta;  it  then  brandies 
to  each  side  beneath  the  membrane  connecting  the  viscera  with 
the  ribs  and  spine,  and  communicates  with  filaments  of  the  par 
vagum ;  it  is  afterwards  continued  downwards,  receiving  a  fila- 
ment from  each  s|)iiial  nerve ;  in  its  course  it  is  a  very  fine  nerve, 
and  lias  not  any  more  ganglia  ihan  the  first,  and  those  couunuiii- 
catlng  with  the  secmd  trunk  of  the  fifth  ;  but  at  different  points 
from  whicfi  the  nerves  pass  to  the  viscera,  there  is  an  appearance 
of  a  delicate  plexus :  this  plexiform  structure  varies  in  different 
part^,  and  becomes  much  greater  about  the  begiuuiug  of  the 
intestine,  where  it  resembles  that  corresponding  with  the  semi- 
lunar ganglion  in  the  Turtle:  near  the  kidney  it  assumes  the 
form  of  a  nervous  membrane  or  retina,  before  it  ia  distributed  on 
the  urinary  and  generative  oi^ans.  Branches  pass  from  the 
plexuses  with  the  arteries  to  the  di^rent  viscera.*^ 

Bojanus  describes  the  sympathetic  nerve  of  the  JEmys  EuropiBa 
as  accompanying  the  carotid  artery  into  the  cranium,  and  uniting 
with  the  vidian  and  the  facial  nerves.  On  issuing  from  the 
cranium  it  is  closely  connected  with  the  vagus  and  with  the 
glosso- pharyngeal  nerves,  so  that  it  is  difficult  to  say  whether  a 
8U[)erior  cervical  ganj^lion  exists  or  not:  and  as  the  cervical 
vertebra  are  rihless,  there  is  no  'vertebral  canal,'  and  the  nerve 
is  closely  ecMinected  with  the  vaijus  throughout  thy  whole  lenixth 
of  the  neck.  Below  the  sixth  cervical  vertebra  the  sym[>athetic 
nerve  separates  itself  from  the  sheath  of  the  vagus,  and  becomes 
connected  with  a  middle  cer\dcal  ganglion,  whence  issue  filaments 
that  are  distributed  to  the  aorta^  the  cardiac  plexus,  and  the  coeliao 
plexus.  Between  the  seventh  and  eighth  cervical  vertebne  is 
situated  the  inferior  cervical  ganglion,  like  an  elongated  swelling 

*  xuv.  p.  66. 
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of  the  nerve ;  Bubsequently  two  dorsal  ganglia  occur,  and  further 
down^  towards  the  middle  of  the  back,  tliere  occurs  a  third  and  last 
gangHon,  which  furnishes  liie  splaochnic  nerye :  the  remainder  of 
the  sympathetic  is  made  np  of  one  or  two  cords,  which^  in  the 
saoral  r^oQ,  giye  off  a  great  nomber  of  branches,  the  divisions  of 
which  form  Ihe  renal,  hTpogastric,  and  sacral  plexuses. 

In  the  Turtle  (Chehiu)  iie  cervical  portion  of  the  sympathetic 
has  the  same  exposed  position,  and  communications,  with  the  vagus 
above  and  the  axillary  plexus  below,  sending  off  filaments  also  to 
the  arteries.  The  branch  accompanying  a  division  of  the  carotid 
ill  a  canal  at  the  hime  of  the  skidl  gives  a  filament  to  the  j>ortio 
dura,  and  communicates  with  the  maxillary  part  of  the  fifth,  to 
terminate  on  the  back  part  of  the  palate.  Another  branch  enters 
with  another  division  of  the  carotid  into  the  reticular  sinus  clo«e 
to  the  auditory  meatus,  and  communicates  with  the  portio  dura, 
glossopharyngeal^  and  ninth  nerves.  In  the  trunk-cavity,  the 
sympathetic  passes  firom  ganglion  to  ganglion  as  two  cords,  a  thick 
and  a  fine  one>  neither  of  which  passes  behind  the  neck  of  the 
rib ;  the  intercommunicating  branches  with  the  spinal  nerves  are 
perforated  by  an  anterior  branch  of  the  intercostal  artery.  The 
chief  nerves  given  off  from  the  sympathetic  form  two  plexuses,  in 
the  plaoe  of  the  '  semilunar  ganglia '  of  mammals :  the  smaller 
plexus  sends  filaments  along  the  coduo  artery  to  the  stomach,  the 
larger  plexus  along  the  mesenteric  artery  to  the  intestines.  Other 
branches  pass  to  the  kidneys,  and  the  communications  with  the 
spinal  nerves  mark  out  the  delicate  prolongation  of  the  sympa- 
thetic to  behind  the  rectum. 

In  the  Crocodile  the  cer\'ical  part  of  the  sympathetic  lies  in 
the  '  vertebral  canab'  or  between  the  neck  and  tubercle  oi"  the  rib, 
and  tlic  ganglions  are  more  distinct  where  the  connnunications 
with  the  spinal  nerves  occur,  from  the  cervical  to  the  lumbar 
region.  The  interganglionic  longitudinal  trunks  are  two,  one 
passing  behind  the  neck  of  the  rib  where  it  exists,  at  the  fore-part 
of  the  chest.  The  longitudinal  trunks  converge,  and  unite  upon 
the  beginning  of  the  caudal  arteiy.  There  is  much  pigmental 
matter  upon  the  sheaths  of  the  ganglions  and  nerves. 

§  60.  Appendages  of  the  Nervous  System, —  Certain  nerves,  as 
those  of  the  palm  and  sole  in  Man,  and  those  of  the  mesentery  in 
other  mammals,  have  peculiar  corpuscles  appended  to  them,  called 
*  pacinian,'  after  their  discoverer.  Y'v^.  213  shows  one  of  the  nerves 
of  the  palm  with  the  corpuscles  appended,  of  the  natural  size. 
Those  in  the  mesentery  of  the  cat  are  numertnis,  conspicuous,  and 
favourable  subjects  for  microscopical  investigation.    They  show 
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ft  pedicle  and  capsule,  with  a  canal  and  central  cavity.  A  sinirle 
213  nervouf^  fil)re,  fig.  214,  /<,  leaves  its  fasciculus  with 
a  portion  of  the  nerve-sheath,  il).  h,  and  proceeds 
to  the  centre  of  a  series  of  concentric  capsules, 
of  a  nucleated  fibrous  tissue.  The  nerve,  n,  on 
entering  the  central  cavity,  loses  its  white  sub* 
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tenuinates  hy  a  tubercular  enlargement.  An 
arterial  twig»  a*  acccmipanieB  the  nerve**fil«e  along 
the  pedicle,  and  dividea  into  capillaries,  which  form 
loops  in  some  of  the  intercapsnlar  spaces.  The 
central  cavity  contains  a  clear  fluid:  it  Taries  much 
in  shape. 

Analogous  bodies  were  discovered  by  Savi, 
arranged  in  linear  series,  bordering  the  anterior 
part  of  the  month  and  nostrils,  and  extcndini^ 
over  the  suriace  of  tlic  fore-part  of  the  elec- 
trical organs  in  tlic  Tor|)edo;  they  are  appended 
to  and  appear  to  be  terminal  developements  of  the  filaments  of 

the  fifth  pair  of  nerves.  Each 
follicle,  fig.  216,  is  formed  of  two 
larger  capsules,  /  and  g,  which 
adhere  together  near  the  fibrous 
band,  tf,  supporting  and  fixing 
the  organ ;  it  contains  a  granular 
substance,  e,  on  which  lies  the 
nerve-twig,  h,  d,  transmitted  from 
the  nerve,  a.  This  twig  commonly 
receives  a  smaller  anastomosing 
filament,  A,  from  a  contiguous 
follicle.  Sometimes  two  nerve- 
twigs  pass  from  the  main  branch 
to  the  same  follicle,  in  wliich  case 
it  contains  two  distinct  granular 
masses.  These  follicles  are  de- 
veloped from  ganglionic  or  sensory 
branches  of  the  fifth  norre.  No 
proper  padnian  corpuscles  have 
been  obserred  in  connection  with 
this  nerve,  nor  with  the  glosso- 
pharyngeal, the  portio  dura,  or 
any  purely  motor  nerve. 

ractnlancon>uitck<.onineM>nterlcnerTeof  cat.         Besidcb  the    BAVian  COrpUSClcS 
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One  ai  Um  fUUoilar  nnToaii  onram  «(  the  Tofpedo. 

Hft(m.  Lxxvii. 


the  Torpedo  has  a  system  of  mucous  organs  in  intimate  connec- 
tion with  nenres  of  sensation :  but  this  is  common  to  it  with  other 
Plagioetomes.  The  system 
commenoesy  in  the  Torpedo^ 
by  groups  of  globnlarvencles, 
fig.  139,  arranged  sym- 
metrically, outside  the  deo- 
trical  organs,  from  which 
tubes  are  continued  inparallel 
bundles  until  they  separate 
themselves  to  perforate  the 
skin,  and  terminate  by  ori- 
fices, some  at  the  dorsal,  some 
at  the  ventral  surface  of  the 
head.  A  branch  of  the  gang^- 
lionic  part  of  the  fifth  expands 
upon  the  ampulliform  com- 
mencement of  each  of  the  muciferous  tubes.  Similar  organs 
exist  in  Sharks.  Hunter  placed  first  in  the  series  of  specimens 
of  organs  of  touch  in  Fishes  the  snout  of  the  Spotted  Dog-fish 
{SeyUium)f  *  to  show  the  manner  of  the  nerves  ramifying,  as  also 
their  apparent  termination  in  tfab  part,  each  ultunate  nerve 
appearing  to  terminate  in  the  bottom  of  a  tube  or  duct,  the  sides 
of  whi<£  secrete  and  convey  a  thick  mucus  to  Uie  skin.*^ 
Jaoobson  compares  them  to  the  whiskers  in  the  Cat  Besides  the 
rostrum,  these  nervo-mucous  organs  are  situated  upon  the  sides 
and  under  part  of  the  head,  and  on  the  fore  part  of  the  trunk ; 
they  are  crowded  between  the  masseter,  fig.  132,  /,  and  the 
branchial  openings,  ib.  where  they  separate  into  two  groups, 
one  diverging  downward,  forward,  and  backward,  to  beneath  the 
pectoral  fin  ;  the  other  directed  upward,  forward,  and  backward,  to 
the  occiput. 

§  61.  Orffnn  of  Touch  in  Ilcrmatocriin.  —  In  the  Dernmpteriy 
the  AnguillidcBy  Siluroids,  and  a  few  other  Fishes,  with  the  in- 
tegument wholly  or  in  part  scaleless,  or  with  very  minute  and 
delicate  scales,  lubricated  with  mucus,  the  whole  or  major  part  of 
the  external  surfiuse  may  be  susceptible  of  impressions  from  the 
surface  of  extraneous  bodies  coming  in  contact  therewith.  But 
in  the  majority  of  the  class  the  exercise  of  any  faculty  of  touch 
must  be  limited  to  the  lips,  to  ])nrt.s  of  certain  fins,  or  to  the 
specially  developed  organs  called  <  barbules.* 


*  XX.  ToL  iii.  p.  M,  pnp.  no.  1395* 
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Such  au  organisation  of  a  fold  of  skin  bordering  the  mouth  as 
implies  the  tactile  faculty  is  rare  in  Fishes;  the  Cyprinoids 
exemplify  it,  and  more  eppccially  nmny  of  the  Indian  spemes : 
also  the  marine  family  of  Labroids.  In  the  Sturgeon  the  lip  has 
numerous  papilltt,  and  more  minute  papillaa  occur  on  the  lips  of 
many  fresh-water  fishes.  In  the  £^  the  upper  lip  is  richly 
supplied  by  the  fifth  nerve,  and  the  upper  lip  of  the  Lepidosixen 
is  puitillose.  The  soft  skin  of  the  sucking-lip  of  the  Lonprey  is 
well  supplied  with  a  reticulate  arrangement  of  sensitiTe  filaments 
from  the  fifth ;  its  margin  Ls  papillose,  fig.  277.  The  associated 
pectoral  and  ventral  fins,  forming  the  sudter  tn  the  Lump-fishes, 
have  a  texture  of  the  applied  surface,  which  seems  adapted  to 
receive  imjiressions  from  the  ])5irt  it  touches,  whereby  the  tish 
may  a^eertaln  its  fitness  or  otherwise  for  the  application  of  the 
anchoring  organ. 

The  pectoral  fins  seem  to  he  ap])Hed  occasionally  to  explore  the 
nature  of  the  bed  of  the  water  iniiabiteil  by  the  fish;  and  in  tlie 
Gurnards  {Triglid(r)  three  soft  flexible  rays  are  detached  from  the 
fin,  like  fingers,  fig.  82,  and  the  large  nerves  supplying  them  have 
ganglionic  enlargements  at  their  origins.  The  filiform  radial 
appendages  of  the  Fi9fynemid<B,  and  the  prolonged  ventral  fins  of 
Osphromenusy  Triekogoiier,  and  other  Labyrinthibranohs,  and  of 
the  Ophidiidfls,  enter  into  the  present  class  of  organs.  The 
harbules  are  long,  slender,  pointed  processes  of  the  skin,  either 
median  or  in  pairs :  the  former  are  limited  to  the  under  jaw,  as  in 
the  Cod ;  the  latter  may  be  developed  from  both  jaws,  and  are 
called,  according  to  their  position,  'premaxillary,'  <  angular,* 
*  nassl,'  &C.  They  are  commonly  found  in  the  grovelling  fishes, 
such  as  the  Sheat-fishes,  Loaches*,  Barbels,  Sturgeons,  fig.  123, 
or  ill  the  parasitic  ^lyxines,  fig.  248.  The  nerves  supplying  the 
harbules  are  large  and  derivt^l  iVmu  ganglionic  divisions  of  tlxc 
iiltli  pair.  A  Cod,  blind  hv  uliscnce  or  dcstniLllun  of  both 
eyeballs,  lias  iieen  captured  in  L;ood  eomlltitin ;  and  it  may  be 
supposed  to  have  found  its  food  by  exploring  with  the  symphysial 
barbule,  as  well  as  by  the  sense  of  smell.^  The  sublingual  fila- 
ment of  many  UranoscopincB^  and  the  rostral  tentacle  of  Malthe 
and  Halieutaa^  may  also  exercise  a  tactile  fiMsulty.  The  limbs 
of  Lepidosiren,  fig.  100,  have  the  general  form  rather  of  oigaas 
of  exploration  than  of  locomotion. 

The  scaleless  condition  of  the  skin  in  Bairaekia  makes  it  more 

'  xcviii.  p.  72. 

'  CLXXIT.  ill.  p.  '204.  Tlie  bumolu^uu^  urgau^i  lu  JLupiuus  seem  to  act  as  bait,  to 
attract  vntall  fishes. 
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susceptible  of  impressions  than  in  higher  Rejitilin  ;  the  discoid 
expansions  of  the  toe-ends  in  Hyla^  and  the  filamentary  appen- 
dages of  the  toes  in  Pipa,  may  have  more  sense  of  feeling  than 
other  partSy  but  seem  not  to  be  applied  in  actiTe  touch.  The 
labial  papillss  of  larval  Frogs  are  so  placed  and  supplied  hj  nerves 
as  to  suggest  a  tactile  function.  Certain  Ophidians,  e.  g.  HerpeUm 
tmiaeulahtm,  have  a  pair  of  tentacular  appendages  upon  the 
anout:  but  the  long,  extendle,  forked,  filifonn  tongue  seems  to 
be  used  rather  as  an  organ  of  exploration  than  of  taste  in  most 
Serpents,  and  in  the  slender^tongued  Lizards.  The  expanded 
toes  of  Geckos,  fig.  162,  the  short,  thidc,  scansorially-ojiposed 
dif^its  in  Chameleons,  and  the  concave  surface  of  their  prehensile 
tail,  aliliough  mainly  modifications  for  locomotive  purpuscs,  may 
well  be  supposed  to  have  a  surface  more  sensitive  than  other 
parts  of  the  bodv.  The  snout-like  production  of  the  upper  lip 
in  Triotii/chidfe  and  C/wh/s,  witli  the  subsidiary  tojiunientary  pro- 
ductions of  the  head  in  the  latter,  are  probably  more  direct  and 
active  instruments  of  tactile  exploration  in  tho8c  soft^skinned, 
mud-haunting,  and  chiefly  nocturnal  Chelonia,  Some  nocturnal 
Tree-Snakes  {Dn/oph/s,  Passerita)  have  a  prolonged  snout. 

§  62.  Organ  of  Taste  in  Reptiles, — The  glosso-hyal,  fig.  85,  48, 
does  not  support,  in  Fishes,  an  organisation  of  soft  parts  for  a 
special  sense  of  taste :  and  the  description  of  the  tongue  and  other 
projections  and  structures  in  the  interior  of  the  mouth  will  be 
given  in  connection  with  the  preparatory  digestiye  organs.  A 
tongue,  as  a  gustatory  organ,  is  as  little  developed  in  the  perenni- 
branchial  Reptiles,  and  is  absent  in  the  marsupial  Toads  {Pipa), 
There  is  as  littie  trace  of  tongue  during  most  of  the  larval  period 
in  other  Anura  ;  but,  about  the  time  when  the  fore  limbs  are  in 
bud,  the  membrane  covering  the  basihyal  begins  to  develope  vas- 
cular fungiform  paj  ilhe,  with  looped  capillaries  and  nniscular  fibre : 
the  whole  mass  growing  and  extending  from  before  backward,  and 
constituting  the  retroflexed  tongue,  bv  the  time  the  tail  is  atrophied. 
The  free  part  is  usually  bifid  or  bilubed.  It  is  niainly  an  organ 
of  prehension,  and  will  be  described  as  such,  together  with  the 
tongue  of  the  C  liaracleon,  in  connection  with  the  organs  of  nutri- 
tion. In  the  thick-tongued  Lizards,  e.  g.  Iguana  tuber culata,  the 
dorsum  and  sides  of  the  tongue  are  minutely  papillose ;  in  Tiliqua 
scincoules  they  are  coarsely  papillose :  both  the  food  and  the  teeth  of 
these  Sauria  indicate  a  certain  amount  of  mastication,  with  which 
the  sense  of  taste  is  correlated.  In  most  Beptilia  the  food  is  bolted 
entire.  In  the  Tortoise  (^Tegtudo  indiea)  the  tongue  is  beset  with 
numerous  elongated  and  pointed  papillie:  in  the  Turtle  {Ckehne 
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mt/das)  the  tongue  is  wrinkled  and  devoid  of  |)apiUa\  In  the  I 
Crocodiles  the  tongue  has  uo  projecting  extremity,  and  is  but  j 
slightly  raiaed  above  the  level  of  the  membrane  which  attaches  its  . 
circumfercTioe  to  the  mandible :  but  its  dorsum  is  marked  by  a  ^ 
group  of  follicles  and  increased  yasoularity  of  that  part  of  its 
surface. 

§  63.  Oiyon  of  iSbe//  m  Hmmatocrya. — Tht  essential  character  | 
of  the  organ  of  smell,  in  Fishes*  is  the  pituitary  membrane  lining  | 
a  sac  with  one  or  more  apertures  upon  the  external  surface ;  and 
thaty  in  the  few  exceptions  in  which  it  is  extended  into  a  cansl 
communicating  with  the  mouther  fauces,  such  naso-palatine  canal 
is  never  traversed  by  the  respiratory  medium  in  its  course  to  the 
respiratory  organs.  I 

The  extremities  of  the  olfactory  nerves,  fig.  203,  o,  expand 
upon  the  pituii  n  y  membrane,  which  is  highly  vasculaa',  and  is  , 
covered  by  ciliatuil  r|Mtlieliinn:  ita  extensive  surface  is  parked  | 
into  the  small  comj)a:>s  of  the  oU'actory  capsule  by  numerous  fold^*  . 
The  cap.^ule  is  fornred  by  a  librons  ?iioinbrane,  which  is  sometimes  I 
suj)j)orted  by  a  rartll;iL;iuous,  and  more  fre([uently  by  au  odseous,  j 
basis,  called  the  '  turbinal  bone,'  fig.  81,  19.' 

In  the  DermopUri  the  olfactory  organ  is  single:  Kolbker^  | 
regards  as  such  a  small,  blind*  tegumentary  depression,  fig.  169,  oly  | 
beset  with  vibratile  cilia,  and  connected  with  the  anterior  end  of 
the  quasi-brain  of  the  BranckioMtonuu    The  more  obvious  and 
satisfactorily  determined  olfactory  organ  of  the  Ammoeete  is  in  the 
median  line,  opening  above  the  mouth  in  front  of  the  brain-sac, 
fig.  59,  19,  whence  a  narrow  canal  is  produced  backward  from  the  | 
bottom  of  the  sac  to  the  base  of  the  skulL   In  the  Myzine  the 
parietes  of  the  olfactory  canal  are  similarly  situated,  lined  by  &  * 
longitudinally-plicated  pituitary  membrane,  and  are  strengthened  j 
by  cartilaginous  rings,  like  a  trachea.    The  naso-palatine  tube 
opens  backward  upon  the  roof  of  the  aiouili,  and  this  opening!* 
provided  with  a  valve.    In  the  Lamprey  the  flask-.^haped  nasal 
sac,  fipr.  61,  A,  opens  upon  the  top  of  the  head:  a  simple  mem- 
branous tube  is  coutinuf'd  frotn  the  expanded  bottom  of  the  sac, 
which  dilates  us  it  descends,  but  terminates  in  a  blind  end  at  the 
hv|»o|)1iysial  vacuity,  fig.  60,  ht/,  of  tlie  base  of  the  skull,  where 
tlie  nnicous  membrane  of  the  palate  padses  over  it  entire  suad 
imperl  orate.' 

In  all  Fishes,  save  the  Dermopteri,  the  olfactory  organs  are 
double,  and  they  have  no  communication  with  the  mouth.  In 

'  uv.        *  xxxii.  ik3i,pl.iL  lig.5,A.        *  zxi.  fl.  43, 4gi»  la*  ft  iv. 
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Osseous  Fii^hcs  tlioy  arc  situated  on  the  sides  of  the  snout,  in  a 
cavity  formed  by  the  nasal,  fip^.  75,  15,  the  prefrontal,  14,  the 
lacrynml,  73,  the  premaxillary,  22,  and  the  vomer.  The  capsules 
are  covered  externally  by  the  skin,  which  is  usually  pierced  hy 
two  opemngs  for  each  sac:  the  Chromides,  and  all  the  Wnunes 
with  ctenoid  scales,  have  a  single  opening  for  each  noeenuMS; 
where  there  are  two  nostrilB  the  posterior  is  usually  open,  the 
anterior  dosed,  as  by  a  sphincter  or  a  valve :  the  anterior  aperture 
is  often  produced  into  a  tnbnlar  process,  as  in  the  Loach,  which 
acts,  either  by  muscular  power  or  by  some  modification  of  form, 
as  a  valve.  Both  apertures  in  some  Lophioid  Fishes  are  bell<- 
shaped  and  pedunculate.  In  some  Siluri  a  tentacle  is  continued 
from  the  external  nasal  tube.  When  the  nasal  sac  is  round,  the 
pituitary  plicae  radiate  fruui  its  centre :  when  the  sac  is  elongated, 
it  is  usually  traversed  by  an  axial  partition  with  a  row  of  folds  on 
each  side;  and  there  are  transitional  arrangements,  as  in  the 
Perch.  fipT^.  131,  oly  &  134.  In  a  few  Fishes  tin folds  are 
further  c«»niplicated  by  secondary  processes.  The  Sturo;eon  pre- 
sents the  radiated  type  of  the  olfactory  oi^an  with  secondary  folds, 
fig.  125,  19,  luit,  like  the  Polypterus  and  Lepidosteus,  each  nasal 
sac  has  a  double  aperture:  the  Lepidosiren  has  an  elongated  nasal 
sac,  with  the  biserial  arrangement  of  pituitary  folds,  and  witli  two 
apertures,  fig.  186,  ol,  upon  the  imder  part  of  the  thick  upper  lip, 
but  neither  of  these  communicate  with  the  mouth.  In  some 
Osseous  Fishes  the  olfactory  sac  is  divided  into  a  plicated  and  a 
smooth  part :  the  former  exercising  the  sense4unction,  the  latter 
that  of  a  reservoir*  In  the  Mackerel  this  extends  down  to  the 
palate :  in  the  Wolf-fish  the  reservmr  passes  backward,  expanding, 
as  far  as  the  back  part  of  the  palate,  where  it  ends  blindly.  The 
prolongation  of  the  single  nasal  cavity  in  the  Lamprey  is  analogous 
to  this. 

In  the  Plnp^ostomos  the  nasal  cavities  are  sitiiatcd  beneath  the 
snout,  in  tlie  Sliarks,  ti«rs.  30  &  63,  b  :  beneath  the  fore  part  of 
the  head,  behintl  the  base  of  the  rostrum,  in  the  Hii\y-f\f<\i  (  Prisfis), 
fig.  65 :  or  near  the  angles  of  the  mouth,  as  in  the  Chimicra  and 
the  Kays,  where  a  groove  extends  to  the  mouth.  Each  olfactory 
cavity  has  a  single  and  conmionly  wide  opening,  defended  by 
valvular  processes,  supported  by  peculiar  cartilages  more  or  less 
intimately  connected  with  the  proper  olfactory  cartilaginous  sacs, 
and  .representing  the  superadded  cartilages  of  the  'al»  nasi '  in 
higher  Vertebrata.'  They  have  their  proper  muscles :  whence  we 
must  conclude  that  these  Fishes  scent  as  well  as  smell,  L  e.  actively 

'  See  the  descriptioa  of  these  '  noMiuiiugelkuorpci  lu  xxi.  p.  171. 
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seardi  for  odoriferous  impresttons  hj  rapidly  changing  the  eurrait 
of  water  thn  ugh  the  ol&ctory  sac' 

The  Pnftopteri  show  no  outward  signs  of  olfiictorj  organs :  the 

thick  upper  lip  must  be  raised  to  bring  the  plicated  sac,  with  its 
two  remote  onfices,  into  ^'iew.  In  Ain])lihnna  the  cxtcrniil  nostrils 
are  minute,  a ppi oxliiKite,  and  near  the  end  of  the  snout.  Iii  the 
Siren  and  Axulotl  llic  external  nostril  is  conspicuous  ou  each 
side  the  >iH»ut;  the  internal  oue  opens  outside  the  series  of 
I )tery<]:;o- vomerine  tcf'th.  In  the  Sirun  the  maxillary  does  not 
extend  back  so  as  to  divide  the  iuterual  nostril  from  the  inner  or 
under  part  of  the  lip :  in  the  AxolotI  it  is  so  extended,  and  the 
opening  is  situated  between  tlic  maxillary  and  palatine  series  of 
teeth.  In  these,  as  in  the  Proteus,  the  olfiu^tory  membrane  is 
plicated  at  right  angles  to  a  hmgitudinal  seam.  In  the  Newts 
and  Salamanders  the  olfactory  membrane  is  smooth,  and  lines  an 
OTsl  cavity  with  an  external  nostril  and  a  palatal  one,  the  former 
defended  by  a  little  fold  of  skin. 

In  tailless  Batrachiathe  external  nostril  has  an  inferior  flap, 
endowed  with  a  slight  movement:  the  palatal  is  widely  o{>eu, 
between  the  palatine  and  maxillary  bones,  near  the  fore  part  of 
the  moulh.  Fhu  olfactory  membrane  is  not  augmented  by  any 
folds  or  prominences.  In  the  Pipa  it  presents  a  cyluRiiical  fonn, 
and  its  outer  opening  is  much  nearer  that  of  the  opposite  side 
than  in  other  Anoura.  In  Ojilddia  the  external  nostrils  are 
double;  the  internal  nostril  is  «io<r1i  and  median:  the  hone  and 
gristle  sn])poning  the  olfactory  sac  make  some  promiueucei>  in  it; 
the  pituitary  membrane  is  almost  black  in  some  Colubers.  In 
Anguisy  and  other  snake-like  Lacertians,  the  palatal  nostrils  open 
separately. 

In  the  Iguana  a  single  broad  turbinal  cartilage  extends  into  the 
olfactory  cavity  firom  the  outer  side,  terminating  below  in  two 
tuberosities.  The  meatus  extends  at  .first  longitudinsUy  back- 
ward, then  bends  downward  to  open  upon  the  pidate  between  the 
auterior  maxillary  and  the  pterygoid  teeth.  The  turbinal  projects, 
with  slight  modifications  of  proportion  and  form  in  the  nasal 
cavity  of  other  Lacertians.  The  external  nostrils  offer  varieties 
i)f  relative  size,  shape,  and  position,  seldom  receding  far  from  the 
muzzle  in  existing  species.  lu  the  extinct  Saurians  of  marine 
habits,  Ichf/i//os(iurus  and  Pfesiosaur//s,  the  external  nostrils 
opened  near  the  orbits,  at  a  distance  from  the  muzzle,   in  Ciielonia 

I  *  If  the  mode  of  •mellrag  in  Fiabct  similmr  to  tasdiii;  in  other  ADimiilgf  Or  » 

the  air  contained  in  water  iinpro^^nated  with  the  odoriferous  |Murtf»  and  is  it  thiaair 
which  the  fish  smoU»? JUU  Httnttr,  in  xx.  voL  iii.  p.  8S. 
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and  CrocodUid,  tlie  external  openinG;  td  the  nasal  organ  in  the  skull 
5^  pinr!:le  and  medinTi,  situated  at  or  near  tlie  end  of  the  muzzle. 
But  in  the  Chelonia  the  nostrils  are  distinct,  although  approximate^ 
on  the  integument :  in  Trionyx  and  Chelys  they  are  tubular^  con- 
tinued along  a  short  proboscidiform  production  of  the  integument. 
The  septum  narinm  is  gristly*  In  the  Turtle  (  Chclom  ^  the  nasal 
caTily  suddenly  expands  to  contain  the  turbinal  cartilage.  The 
periosteum  of  tiie  oarity  and  the  pituitary  membrane  are  both 
coloured  by  dark  pigment,  and  the  latter  is  thick  and  vascular. 
The  palatal  orifice  is  median  and  single^  towards  the  fore  part  of 
the  roof  of  the  mouth.  In  the  Crocodilia  the  tegumentary  nostril, 
like  the  osseous  one^  is  single,  crescentic,  with  the  concavity 
backward,  and  closed  by  the  fleshy  posterior  valvular  lobe :  in  the 
Gavial  the  tegument  surrounding  the  nostril  is  thick,  uhiindunt, 
and  can  be  raised  from  t  lie  bone,  or  erected,  to  bring  the  orifice  to 
the  surface  of  the  water  without  exposure  of  other  parts  of  the 
head.  The  nasal  cavity  i^?  of  great  length,  commencing  at  the 
fore  part  of  the  muzzle,  and  terminating  Ijcneath  tlie  occiput,  al.<o 
by  a  FiTifjle  aperture,  close  to  whieli  tlie  nasal  septum  terminates. 
The  anterior  third  part  ot  the  meatus  is  most  expanded :  the 
pituitary  membrane  is  extended  upon  a  bilobed  turbinal,  partly 
bony  and  partly  gristly:  the  meatus  also  communicates  with 
larcrc  cells  or  sinuses. 

§  64.  Organ  of  Sight  in  Fishes* — The  organ  of  sight  makes  its 
appearance  in  the  lowest  of  Fishes,  e.  g.  the  Lancelot  and  Myxine, 
under  as  simple  a  form  as  in  the  Leech :  a  minute  t^nmentary 
follicle  is  coated  by  dark  pigment,  which  receives  the  end  of  a 
spedal  cerebral  nerve.  This  simple  eyespeck,  the  first  mechanism 
for  the  appreciation  of  light,  is  repeated  in  the  Amblyopsis  speleeus, 
fig.  175,  ff,  Rudimental  eyeballs  covered  by  the  skin  exist  in  the 
Apterichthys  ccecus:  the  small,  but  more  complex,  eyes  of  the 
Lepidouiren,  with  crystalline  and  vitreous  humours,  choroid  and 
sclerotic  tunics,  are  also  covered  by  the  skin,  but  tliis  becomes 
transparent  where  it  passes  over  them,  and,  adhering  to  the 
scleiotio,  forms  a  'cornea.'  The  ev^cs  of  the  Eel  tribe  and  the 
Siiuroid  Fwlies  are  small :  they  arc  oi  niuderate  size  in  the 
Plagiostomes  and  Ganoids ;  but  in  most  Osseous  Fishes  the  eyes 
are  remarkable  for  their  large  size,  which  becomes  enormous  in 
some,  e.  g.  Orthayoriscus^  Afyripristis^  J^riacanthus.  The  eyes 
are  usually  placed  in  orbital  cavities,  one  on  each  side  of  the 
head ;  only  in  the  unsymmetrlcal  Flat-fiah  are  they  both  placed 
on  the  same  side:  in  the  Staigazer  {Uranoscapus)  the  eyes  are 
approximate  on  the  upper  surface  of  k  nearly  cubical  head,  and 
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are  directed  towards  the  lieavens  :  in  the  llanimer-headed  Sharks 
they  are  supported  on  long  oiitward-projoctinfr  pediclea. 

The  optic  nerve,  fig.  2U),  «,  usually  pcriorates  the  eyeball 
obliquely  out  of  its  axis,  but  sometimes  directly  in  its  axis.  In 

Osseous  Fishes  it  is  compressed  where  it 
passes  through  the  sclerotic  and  choroid, 
and  then  forms  the  retina  by  unfolding 
itself,  like  a  fan  spread  out  and  beut  into 
the  form  of  a  cone,  leaTing  a  fissure,  ^  wbere 
the  firee  lateral  borders  meet  after  lining 
about  two-tJurds  of  the  hoUow  globe.  This 
fissure  extends  firom  the  entry  of  the  nerve 
to  the  anterior  margin  of  the  retina,  and 
through  it  a  fold  of  the  innermost  layer  d 
the  choroid  passes  into  the  vitreous  humour, 
soiiietimes  accompanied  by  the  dark  pig- 
mental l^uyschian  laycrJ  Tlic  fold  of  the  vascular  choroid, 
whether  accompanied  by  the  ])igmental  layer  or  not,  is  called  the 
*  falciform  process,'  c ;  it  carries  before  it  a  fold  of  the  proper 
tunic  of  the  vitreous  hiunour  ('membrana  hyaloidea'),  and  usually 
extends  to  the  capsule  of  the  lens,  d,  to  which  it  is  attached  hy 
means  of  a  dear  but  firm  substance,  called  the  'campanula 
HaUeri.' 

The  posterior  or  outer  layer  of  the  retina  consists  of  the  cel- 
lular baisis,  supporting  tiie  stratum  of  cylindricules,  standing 
vertically  upon  its  concave  surfiuse,  with  the  interblended  twm- 
fusiform  corpuscles,  both  of  which  microscopic  structores  are  moi^ 
easily  demonstrated  in  the  present  than  in  the  higher  classes  ^ 
Vertebrata.  Each  twin-corpuscle  is  surrounded  by  a  cnrde  w 
cylindricules.  The  primitive  nerve-fibres  radiate  over  the  cylia- 
dricules,  without  anastomosing,  and  terminate  in  iVee  ends,  not  by 
loops,  at  the  basis  of  the  ciliary  zone.  A  delicate  but  well- 
defined  raised  rim  or  '  bead'  runs  along  both  the  anterior  maigiii* 
of  the  retina,  and  along  those  wliich  form  the  falcifonn  slit. 

The  crystalline  lens  (//)  is  spherical,  or  nearly  so,  large,  fimij 
with  a  dense  nucleus:  it  is  almost  buried  in  the  vitreous  huiuour, 
where  it  is  steadied  by  the  attachment  of  the  falciform  ligament 
to  its  thin  capsule:  the  fore  part  projects  through  the  piij>'^ 
against  the  flat  cornea,  and  so  nearly  fills  the  anterior  chamber, 
that  but  a  very  small  space  is  lef^  for  *  aqueous  humour.*  In  the 
cod  and  other  Gadidts  the  fibres  of  the  lens  converge,  like  the 

>  XX.  ToL  iii.  p.  I44i  e/e  of  the  Booito^  prep.  no.  1651. 
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meridians  of  a  globe,  to  two  opposite  points  or  poles  of  the  sphe- 
roid :  in  the  Salmonidct  and  Shark,  they  converge  to  a  linear  tract 
or  septum  at  each  pole,  as  in  fig 
218.  In  the  fibres  of  the  lens 
of  a  cod  Brewster  discovered 
the  marginal  teeth,  like  those  of 
rack-work,  by  which  the  fibres 
are  interlocked  together,  as  in 
fig.  217. 

This  acute  observer  computes 
five  millions  of  fibres  and  sixty- 
two  thousand  five  hundred  mil- 
lions of  teeth  in  the  lens  of  a  cod : 
yet  in  the  living  and  fresh  state 
this  organ  is  transparent. 

The  radiating  fibres  and  elong- 
ated cells  of  the  hyaloid  tissue,' 
with    the  interstitial  *  vitreous 

humour,'    present   a   firmer  con-    Fibre*  of  lcn».  htghly  maimtflcd.  lowing  Intei^ 
.  1*11  locking  of  tliolr  tootlii-U  margius.  ccxiti 

sistency  than  m  the  human  eye, 

and  show  their  intimate  structure  and  arrangement  more  clearly 
under  the  microscope  than  in  Mammalia. 

The  membranes  situated  between  the  retina  and  sclerotica, 
called  collectively  *  choroid 
tunic,*  are  three  in  num- 
ber:  the  external  layer  in 
Osseous  Fishes,  called  *  mem-' 
brana  argentea^  fig.  2 1 6,  ^,  is 
composed  chiefly  of  micro- 
scopical acicular  crystals 
reflecting  a  silvery,  or  some  • 
times  a  golden  lustre,  with  a 
delicate  cellular  basis,  which 
assmnes  more  firmness  where 
it  is  continued  upon  the  iris. 
The  second  or  middle  layer 
is  the  *  memhrana  vasculosuy 
seu  *  Halleri^  ib.  f,  and,  as 
its  name  implies,  is  the  chief 
seat  of  the  ramifications  of 
the  choroid  vessels :  it  also  supports  the  ciliary  nerves.  The 


Arraugemenl  of  flbrea  uf  lens,  Salmon,  ocxiti. 
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iiiiii  iiiinst  layer  is  the  '  memhrnun  pictay  seu  ^  Rxtyschiann^ 
also  call  cm]  *  uvea,'  which  is  cumposcd  uf  hexagonal  pi<;ment-cell^, 
usually  of  a  deep  browu  or  black  colour.    In  the  Grey  Shark 
{Galen s),  the  silvery  layer  is  laid  upuu  the  central  surface*  not 
the  periphery  of  the  choroid.* 

The  formation  of  the  iris,  /*,  by  tlie  production  of  all  these  mem- 
branes y  well  shown  in  the  eye  of  the  Sword -fi sb  At/yAuu*  fig,  216^ 
where  its  thick  base  or  'ciliary  ligament'  h  overlaps  the  con- 
vex border  of  the  bony  sclerotic'  The  membrana  aigentea  upon 
the  front  of  the  iris  gives  great  brilliancj  to  the  eye,  in  manj 
fishes.  The  pupil,  is  large  and  usuallj  ronnd :  in  many  Pla- 
^ostomes  it  is  elliptic ;  in  Galeus  it  is  quadrangular ;  in  the  flat* 
bodied  Skates  and  PleuronectidcBy  that  grovel  at  the  bottom  and 
receive  the  rays  of  light  from  above,  a  fringed  process  descends 
from  the  upper  margin  of  the  pupil,  and  regulates  the  quantities 
of  admitted  light  by  beiug  let  down  or  drawn  up  like  a  blind. 

The  muscular  structure  of  the  iris  is  very  feebly  developed  in 
must  fishes :  it  is  best  seen  in  the  pupillary  curtaiu  of  the  Skate, 
the  plicated  anterior  border  of  the  uvea  forms  the  so-oalled 
'ciliary  zone,  or  processes,'  k:  they  are  the  most  complicate*!  in 
the  great  Shark  (  Selache)  where  each  jirocoss  '  consists  of  two  or 
three  minute  folds,  which,  as  they  run  torwaiil,  unite  into  one, 
and  terminate  in  a  point  at  the  circmnference  of  tiie  iris  but 
thej  do  not,  as  yet»  project  fireelj  inward  and  forward  fin>m  the 
surface  of  the  uvea. 

The  subordinate  and  accessory  character  of  the  sclerotic  cap- 
sule, fig.  216,  /,  /,  fig.  2\9,f,f,  is  illustrated  in  most  Osseous  Fishes 
by  its  deviation  from  the  sub-spherical  form  of  the  true  eyehall 
which  it  protects,  and  by  the  great  quantity  of  ceUular,  and  ofteni 
also  of  adipose  tissue,  fig.  216,  whidi  fills  the  wide  interspace  be- 
tween the  sclerotic  and  the  choroid.  In  the  fibrous  tissue  of  the 
sclerotic  are  usually  developed  the  two  csrtilaginous  or  osseous 
lu  iiiLsphcroid  cups  already  described  (p.  115,  fig.  81,  17);  but  in 
place  of  these,  in  the  Ort/uif/orisrns,  as  in  the  Plagiostomes,  the 
cnj>-;ule  is  strenjjthcned  by  a  sinprle  hollow,  cartilatrinous,  perforated 
spheroid.  This  varies  in  (iiickiiess  at  different  parts,  being  usually 
thickest  l)ehind,  and  particularly  so  in  the  Sturgeon.  The  ante- 
rior aj>erture  is  closed  by  the  cornea  r?,  whit  h  is  essentially  a 
modified  portion  of  the  corium  o,  adhering  to,  it  passes  over, 
the  usually  thickened  borders  of  that  aperture.  In  the  eye  of  the 
XiphUu^  may  be  traced  an  accession  to  the  cornea  from  the  outer 

*  XX.  Tol.  iii.  p.  147,  prep.  no.  IGGi^.  '  lb.  prep.  do.  1661. 
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fibrous  layer  of  the  sclerotic,  whicli  undergoes  the  same  chancre 
of  tissue,  and  forms  the  posterior  layer  of  the  cornea,  llm 
transparent  window  of  the  eye-capsule  is  quite  flat :  its  himinatod 
structure  is  well  displayed  in  the  cornea  of  the  Orthuf/iu  iscus,^ 
and  a  dark-brown  pifj^ent  here  stains  the  soft  intejunncnt  or 
'  conjunctive  membrane'  (o),  continued  from  the  pcriplusry  of  the 
cornea.  In  the  eye  of  the  same  fish,'  a  very  delicate  layer  or 
lining  membrane  ii^  reflected  from  the  posterior  surface  of  the 
cornea,  aDBwering  to  the  *  membrane  of  the  aqueous  humour  *  of 
land  animals:  this  humour  exists  in  yery  small  quantity,  just 
enough  to  lubricate  the  iris  in  the  eyes  of  Fishes :  the  medium 
through  which  the  rays  of  light  reach  the  eye  needs  no  refimctiTe 
aid  from  an  aqueous  fluid  interposed  before  the  lens  in  the  globe 
itself: 

Amongst  the  most  characteristic  peculiarities  of  the  eye  in 
the  typioil  or  Osseous  Fishes  is  the  so-«alled  'choroid  gland' 
fig.  216,  o,  fig.  219,  h\  this  is  of  the  class  of  bodies  called  '  vaso- 

ganglions  : '  it  usually  presents  a  dark  red  colour,  and  lies  between 
the  *  silvery'  aiul  *  vascular '  layers  of  the  choroid,  more  or  less 
encompassing,  in  the  shape  of  a  horse-shoe  or  bent  magnet,  the 
entry  of  tlie  optic  nerve.  Dr.  Albers'  discovered  the  rich  marginal 
plexuses  of  V(»?^Hels,  '  the  roots  of  which  Imve  their  origin  in  this 
body,'  and  the  body  itself  he  believed  to  consist  also  of  a  convolu- 
tion of  blood-vessels.  Ordinary  dissection,  however,  shows  its 
compact  substance  to  be  arranged  in  parallel  straight  lines  running 
between  the  convex  and  concave  borders,  and  it  has  been  called  a 
*  muscle ; '  but  the  supposed  *  fibres  consisted,  in  reality,  of  minute, 
parallel,  and  closely-disposed  vessels,  both  arteries  and  veins.*^ 
Professor  Miiller  has  detected  a  relation  of  coexistence  between 
the  choroid  vaso-ganglion  and  the  pseudo-branchia,  to  which  the 
Sturgeon,  Lepidosiren,  and  the  Plagiostomes  are  amongst  the 
exceptions,  having  the  pseudo-bnmchife  biit  not  the  vaso-ganglia ; 
Silurus,  JPimelodus,  Sipiodon,  Cohitis,  and  all  the  Eel-tribe,  have 
neither  pseudo  braiu  hiie  nor  choroid  vaso-ganglia. 

The  most  remarkuljle  exception  in  the  stnicUire  of  the  eye  in 
the  present  class  is  ]>resented  by  the  Anableps,  the  cornea  of 
whicli  bisected  by  an  opaque  horizontal  line,  and  the  iris  per- 
forated by  two  pupils. 

The  general  form  of  the  eyeball,  or  rather  its  capsule,  in  Fishes, 
is  a  spheroid,  flattened  anteriorly,  around  which  part  the  integu- 
ments commonly  form  a  circular  fold,  yielding  to  the  movements 

'  XX.  voL  ii'u  p.  147,  prep.  no.  1665.  »  lb.  prep.  no.  1649. 
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of  the  globe.  In  Orihofforueus  the  circular  palpebral  fold  is 
deeper^  and  in  proyided  with  a  Bphinoter :  in  most  Scombennd  and 
Clupeoid  Fishes  there  is  an  anterior  and  a  posterior  vertical  trans- 
parent fold  or  eyelid.   In  the  eye  of  the  tope  and  blue  ISiark, 

there  is  a  nictitating  membrane  snperadded  to  a  well-develoj>e(l 
circular  palpebral  fold  of  the  skin.    A  conjunctive  meniljranc  is 

reflected  from  the  circular  eyelid  over  the 
third  eyelid,  which  is  placed  at  the  nasal  side 
of  the  orbit,  and  then  passes  over  the  anterior 
half  of  the  eyeball.  A  strong  *  nictitator '  mus- 
cle rises  from  the  temporal  side  of  the  orbit,  and 
passing  through  a  muscular  and  ligamentous 
loop»  descends  obliquely  to  be  Inserted  into  the 
lower  margin  of  the  third  lid.  The  trochlear 
mnsde  has  an  insertion  into  the  upper  part  of 
the  drcular  lid,  and  depresses  that  part  simul- 
taneously with  the  raising  of  the  third  lid.^  The 
proper  muscles  of  the  eyeball  exist  in  all  fishes 
except  the  Myxinoids  and  Lepidosiren,  and 
consist  of  the  four  recti,  fig.  2 1 9,  i ,  2, 3, 4,  and  two 
obliqiii,  ib.  «,  h :  the  latter  rise  f  rom  the  im^al 
side  of  the  t>r])it,  and  are  inserted  most  favour- 
ably for  etlecting  the  rotatory  movements  of 
the  eyel)all :  but  the  superior  obli(iue,  Oy  has 
not  its  direction  changed  by  a  troclilea  in  the 
present  class.  In  the  Galeus  there  is  a  special 
protuberance  of  the  upper  part  of  the  cartir 
laginous  sclerotic  for  the  common  insertion  cf 
the  rechu  superior  and  obU^us  superkr^ 
and  a  second  protuberance  below  for  the  common  insertion  of 
the  MiquuM  inferior  and  rectus  inferior.    The  recti  muscles 
rise  in  many  Osseous  Fishes  from  the  sub-oranial  canal;' 
the  origin  of  the  rectus  extemus  being  })rolonged  furthest  back. 
But  the  recti  muscles  are  most  remarkable  for  their  length 
in  the  Hammer-headed  Sharks,  since  they  rise  from  the  basis 
crauii^  and  exteud  along  the  lateral  processes  or  peduucleSj  at  the 

I  The  ttasSkj  of  Sharks,  indading  OakuM,  OudiariiUf  with  this  grade  of  palpeibiBl 
ftmetnra,  are  called  *  oietitantet thej  an  amongst  the  most  active  and  Ibmidable 

of  these  great  predatory  Fishes. 

'  If,  therefore,  we  regard  this  canal  as  part  of  the  orbits,  we  must  add  the  alisphcnoifl. 
basisphenoid,  and  even  the  basioccijntul,  to  the  bones  enumerated  at  p.  116,  a*  forming 
the  chambers  for  thu  eyeballs  and  their  appendages  in  Ifishcs;  and  this  multiplicity  of 
orbital  bones  interestinglj  npeats  or  parallels  the  characteristic  fonnation  of  the 
otocnuMB  or  ear-cbainbcn  in  tbe  present  class. 


Ooats  «f  the  oye  of  the  Pendi 
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free  extremities  of  which  the  eyeballs  are  situated.  In  all 
Plajjiojstomes  tlie  eyehnill  is  supported  on  a  cartilaginous  peduncle: 
this  is  short  and  hroad  in  the  Rays  ;  longer  and  cylindrical  in  the 
8]iurl<8 ;  in  Sclache  it  is  articulated  by  a  ball  and  socket  synovial 
joint  to  a  tubercle  above,  and  external  to  the  entry  of  the  optic 
nerre.'  A  fibrous  ligament  attaches  the  sclerotic  to  the  wall  of 
the  orbit  in  the  Sturgeon  and  the  Salmon. 

The  space  between  the  eyeball  and  the  orbit  contains  a  soft  bed 
of  gelatinous  and  adipose  substance:  bat  there  is  no  lacrymal 
gland  in  Fishes.  An  apparatus  to  moisten  the  cornea  was^  of 
course^  unnecessaiy  in  animals  perpetually  moving  in  a  liquid 
medium.  The  cornea,  which  in  most  fishes  is  always  exposed  to 
that  medium,  is  flat ;  it  is,  therefore,  less  liable  to  injury  in  the 
rapid  moYements  of  the  fish,  and  being  level  with  the  side  of  the 
head,  offers  no  impediment  to  those  movements.  This  form  of 
coiTica  diminishes  tlie  capacity  of  the  aqueous  chamber ;  but  the 
aqueous  humour  is  needed  only  to  float  the  free  border  of  the  iris; 
and  to  make  up  for  the  small  quantity  of  that  hunioiu',  tlie  reirac- 
tive  power  of  the  lens  is  maximised  hy  its  spherical  form.  To 
couipensate  for  the  deviation  from  the  s]>herical  form  of  the  eye- 
ball, produced  by  the  flattening  of  its  fore-part,  and  the  consequent 
loss  of  power  to  resist  external  pressure,  the  sclerotic  capsule  is 
cartilaginous  or  bony. 

§  65.  Organs  of  Sight  in  Reptiles, —  The  eyes  are  very  small, 
of  simple  stnictare,  and  concealed  by  the  skin,  which  passes 
smoothly  over  them  with  little  other  change  than  subtransparency 
of  texture,  in  both  the  ichthyo«  and  opluo>morphous  Batrachia. 
The  ederotic,  in  Pratew,  is  lined  by  some  dark  pigment,  and 
contains  a  minute  spherical  lens.  It  may  serve  to  warn  the 
animal,  wandering  into  light,  to  retreat  to  the  safe  darkness  of  its 
native  subterranean  waters.  The  Axolotl  has  the  eyeball  better 
developed,  and  provided  with  muscles ;  but  devoid  of  lids.  In 
the  Newts  there  is  a  horizontal  iold  of  intcfniment  over  each  eve- 
ball :  the  retina  is  tliick,  although  the  optic  nerve  is  sniail :  the 
choroid  shows  pigment:  the  pupil  is  transverse;  the  lens  is 
spherical.  The  cornea  is  convex  in  the  Land  SalamainK  r.  In 
Newts  the  eyelialls  are  retracted  in  water,  and  are  less  prominent 
than  in  air ;  for  this  purpose  there  is  a  kind  of  clioauoid  muscle, 
besides  the  ordinary  recti  and  obli(|ui.  The  eyeball  is  very  small 
in  Pipa,  and  has  no  eyelid.  In  the  Frog,  the  eyeball  is  propor- 
tionally large,  and  is  prominent;  the  globe  is  spherical;  the 
sclerotic  of  subcartilaginous  hardness  anteriorly;  elsewhere  it 

1  Z3C.  Tol.  iil  p.  175,  prep.  A<K  17i9. 
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allows  the  colour  of  the  choroid  to  be  seen  through  it :  the  cornea 
18  Tery  conyex.    The  ohormd  has  an  aigentine  or  nacreous  layer 

externally,  and  a  dark  pi(^ment  internally  ;  the  former  ^res  the 
brif^ht  colour  to  the  iris  in  both  Frogs  and  Toads.  The  }>ii|)il  is 
t^ul)rli(iiHl)(>idid.  A  slightly  plicated  ciliary  circle  adheres  to  the 
caj)sule  of  the  lens.  The  retina  is  thick,  and  is  continued  to  the 
capsule  of  the  crystalline,  which  forms  a  small  splieroid  lens. 
Besides  the  usual  muscles  of  the  eyeball,  there  is  a  choanoid 
muscle  ;  the  eves  are  stroufjlv  retracted  when  the  Frog  dives. 
The  chief  nictitating  lid  is  the  lower  one  ;  the  upper  eyelid  merely 
ibUows  the  movements  of  the  eyeball  when  it  is  turned  down.  A 
small  musclearising  from  the  lower  and  back  part  of  the  eyeball  sends 
two  tendons  through  the  choanoid,  which  wind  over  the  sides  of 
the  ball  to  a  pulley  at  each  ao^^e  of  the  orbit,  through  which  they 
pass  to  beattached  to  the  anglesof  the  lower  bd:  this  is  transparent. 

The  eyes  are  small  in  Serpents:  the  sderotic  is  fibro-carti- 
laginous^  but  thin :  the  chormd  resembles  that  in  the  Frog,  but 

with  less  brillianey  of  the  argentine 
layer:  the  ciliary  |)licic  are  small  and 
feeble  :  there  is  a  delicate  falciform  pro- 
cess, without  ])iginent :  the  lens  is  more 
spheroid  than  in  Lizards :  the  puj)il  is 
round  in  most  Serpents ;  V)ut  is  a  ver- 
tical slit  in  venomous  Snakes,  in  Boido', 
and  in  the  nocturnal  species  of  Dipsa- 
didcB ;  and  is  horizontal  in  most  species 
of  DryapkiSy  especially  those  which  have 


220 


oc*  the  muzzle  pointed  and  prolonged.  But 
Tiper.flMSB.  «aav.  chief  peculiarity  in  Ihe  ophidian 

organ  of  yiinon  is  in  its  defennve  part,  fig.  220.  The  integu- 
ment, c,  is  continued  from  the  surrounding  circles  of  scales, 
d,  directly  over  the  eye:  it  consists  of  a  layer  of  transparent 

epiderm,  and  a  thin  layer  of  chorium,  which  adheres  to  the  outer 

])art  of  the  conjunctive  sac,/.  At  the  exuviating  period,  theei>i- 
derm,  r,  l>e<"on\es  opake,  and  is  shed  in  connection  with  that  of  the 
licad  and  bodv.  The  conjunctiva  covers  a  great  proportion  of  the 
ovel)all,  (If  before  it  is  reHected,  as  at  Pj  forward  to  line  the 
antocular  tegument,  r.  The  cavity,/,  is  large,  and  receives  the 
laciymal  secretion.  In  the  Pythons  and  Colubei*s,  a  j)ore  at  the 
lower  and  forepart  of  the  cavity,  very  minute  iu  many  species, 
but  admitting  a  bristle  in  jhfthout  leads  to  a  slender  membranous 
duct,  which  dilates  into  a  pouch  communicaling  with  the  mouth 
behind  the  premaziUary.  In  the  Viper  and  other  venomous 
Serpents,  the  lacrymal  canal  opens  into  the  nasal  meatus.  The 
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Lacrymal  gland  is  large,  especially  in  the  Constrictors,  and  con- 
tributes its  secretion  to  that  of  other  sources  of  lubrication  of  the 
mouth  daring  the  long  and  difficult  act  of  deglutition. 

It  is  interesting  to  note  the  correspondence  of  condition  between 
the  eje  and  ear>  in  regard  to  the  fore  court  of  each  organ,  which  Ser- 
pents exdusiTely  exemplify,  among  air-breaihing  Vertebrates.  The 
t  jmpanicchamber  parallels  the  oonjunctivechamber;  both  are  dosed 
externally, — the  one  by  the  ear-dram,  the  other  by  the  antocular 
membrane :  the  lacrymal  canal  is  the  homotype  of  the  eustachian. 

In  Lizards,  fig.  221,  the  eyeball  is  less  globular,  more  flattened 
anteriorly  than  in  Serpents,  and  the  sclerotic  is  strengthened  near 
the  cornea  by  circle  of  small  snb-imbricate  osseous 
plate!?,  ff.  The  kns,  ib.  is  more  convex  behind  than 
in  front  ;  a  '  falciform  process,*  ib.  p,  is  connected 
with  its  capsule ;  and  in  the  Iguanas  and  Monitors 
it  has  fi  delicate  layer  of  pigment^ells.  The 
ciliary  folds  are  more  marked  than  in  Serpents. 
In  the  Geckos  the  pupil  is  yertically  oval:  the 
retina  shows  a  spot  in  the  axis  of  vision.  In  the 
Chameleon  the  cornea  is  small ;  an  antocular  fold  of  skin  is  con« 
tinued  in  firont  of  the  globe,  but  it  is  opake  and  perforated  in  the 
middle:  it  moves  with  the  eyeball;  the  conjunctiva  attaching  it 
to  the  fore-part  of  the  ball,  and  the  integument  at  its  junction 
with  the  skin  of  the  head,  being  very  thin,  yielding,  and  wrinkled. 
The  sclerotic  is  so  thin  that  the  dark  colour  of  the  choroid  appears 
through  it:  it  becomes  thicker  anteriorly,  especially  at  the  inser- 
tion of  the  cornea.  The  retina  shows  the  '  niarula  centralis/  or 
*  foramen  Sci^mmt  rringi/  on  the  nasal  side  and  a  little  above  the 
termination  of  the  optic  nerve,  fig.  221,  o.'  The  pupil  is  round  ; 
the  lens  is  very  small  and  almost  sphericaL  The  muscles  have  the 
usual  disposition  and  number;  but  each  eye  enjoys  an  independent 
motion.  The  great  extinct  marine  Lizards  {^Ichthyosaurus)  had  very 
large  eyes,  fig.  105,  with  the  sclerotic  pktes  developed  even  in 
greater  proportion  than  in  mo- 
dem Lizards. 

In  the  firesh-water  Tortoise 
{Emyg,  fig.  222,  b\  the  chief 
part  of  the  eyeball  is  oblately 
spheroid,  with  the  segment  of  a 
siualh  r  sphere  at  the  fore-part; 
a  circl'^  <'f  sclerotic  plates,  c, 
being  imbedded  at   the  junction,  and  Fustaining  the  cornea. 

•  OCXT.  pp.  I.  lot:  '  -  torn,  iii-  p. 
Z  2 
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In  the  Turtle  the  scleiotic  is  cartilagmous,  thickest  behind, 
and  thicker  at  the  temporal  than  at  the  nasal  side  ot"  the  irh»he. 
The  cornea  is  llattcr  than  in  the  Kmvs  or  Lan<l-Turt<ii:sc. 
The  optic  nerve  jienetrates  the  sclerotic,  as  in  other  reptiles,  exter- 
nally to  the  axia  of  vision,  f\^.  222,  A,  ami  ni:ikcs  a  conical  {>rojection 

in  the  interior  ot"  the  eveball,  from  which 
the  thick  retina  expands  and  extends  to  the 
ciliary  circle,  fig.  223 :  there  is  no  falciform 
lipjament.  The  choroid  is  thick,  and 
eolonred  by  a  deep-brown  ])iirment.  The 
ciliary  plica;  are  neatly  defined^  hut  do  not 
project  freely  from  the  surfiuse.  The  pupil 
is  round ;  the  erystalline  is  more  couTex  in 
the  Turtle  than  in  the  fresh-water  or  land- 
Tortoises.  The  short  ciliary  arteries  form  a 
plexus  round  the  optic  nerve  in  Chelane, 
The  cornea  is  more  convex  in  the  Tortoise, 
fig.  222j  than  in  the  Turtle.  The  lacrymal  glands  are  two,  fig.  222, 
a;  the  smaller  (hardcrian)  one  is  internal  and  inferior  in  ]>osition; 
the  larger  is  external,  applied  to  the  eyeball,  fig.  224,  and  sending 
its  ducts  to  a  deep  fossa  in  the  outer  angle  of  the  eyelids.  These, 
fig.  22,3,  are  thick,  opake,  covered  by  polygonal  cpldennic  scales  ; 
the  lower  lid  is  largest,  most  moveable,  and  has  fewest  scales 
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upon  it  in  Chelonr :  there  is  also  a  nictitant  membrane  situated 
vertically  at  the  inner  can  thus,  and  having  a  horizontal  motion. 
The  duct  of  the  harderian  gland  opens  on  its  internal  surface 
near  the  line  of  reflection  of  the  conjunctive  membfane  upon  it; 
and  the  secretion  subserves  the  movements  of  the  third  lid.  Be- 
sides the  four  recti  and  two  obllqui  muscles  of  the  eyeball,  there 
is  a  choanoid  or  retractor  muscle  divided  into  four  fiiscicuU. 

In  the  Crocodile,  the  sclerotic  plates  are  not  developed:  the 
membrane,  fig.  220,  //,  is  of  a  firm  fibro-cartilaginous  tissue, 
allowing  the  tiark  hue  of  the  choroid  to  appear  through  it :  the 
cornea,  t,  is  large  and  convex.    The  choroid  is  thinner  and  with 
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a  blacker  pigment  than  in  other  Jveptiles,  and  the  elliarv  plica?  are 
longer  and  more  distinct,  extending  Ix'vontl  tlie  origin  ot"  the  iris. 
This  is  anteriorly  of  a  |)ale  yeUow  colour;  the  pupil  is  vertical. 

The  eye  of  the  Crocodile  ia  diiefly  peculiar  for  the  massive  and 
complex  character  of  its  appendages,  fig.  226,  to  which  the  eye- 
ball itself,  X,  Uf  t,  bears  but  a  small 
proportion.  No  other  or  higher 
animal  offers  such  a  structure:  it 
was  one  of  the  disooveries  of 
Hunter,  who  left  a  drawing  of  it, 
which  was  engraved,  and«  with  his 
preparation,  no.  1770,  described  in 
zx.  vol.  iii.  In  the  copy  of  this 
drawing,  fig.  226,  the  upper,  and 
lower,  eyelids  are  severed  at  the 
outer  canthus,  and  drawn  ai)art  to 
show  the  third  t)r  niclitant  eyelid,  h, 
and  the  extent  of  the  conjunctiva.  ( )r 
this  membrane  e  is  the  free  surface  of 
the  i)art  which  lines  the  ordinary 
eyelids,  whence  it  is  retlected  over 
the  nictitant  lid  at  ^r.  A,  A ;  and  then 
upon  the  cornea  at  the  line  nuu-ked  e',  upon  the  part  of  the 
circumference  next  the  outer  canthus.  The  free  margins  of 
the  upper  and  lower  lids  are  marked  c ;  they  are  devoid  of  cilia,  as 
in  all  Hcematocrya :  h  is  the  free  margin  of  the  third  lid.  The 
glands  sending  their  secretion  to  the  conjunctival  space  are  the 
proper  lacrymal  and  the  harderian ;  the  duct  of  the  latter  termi- 
nates on  the  inner  surface  of  the  base  of  the  nictitant  lid,  at  A. 
From  the  conjunctival  chandjcr  the  secretion  of  both  glands  is 
conveyed  by  the  two  puncta  lacrymalia,  f,  to  the  duct  tcnnin- 
ating  in  the  musal  cavity.  The  nuiscles  are  divisible  into  those  of 
the  eyelids  and  those  of  the  eyeball.  The  nictitator,  fig.  226.  r, 
arises  from  the  inner  and  upper  part  of  the  ball,  ]>r<)('ccds  outwartl 
and  downward,  winding  round  the  oj)tic  nerve  and  choanoid  muscle 
(which  protects  the  nerve  IVom  the  pressure  of  the  nictitator  in 
action),  and  is  inserted  into  tlie  inferior  angle  of  the  third  lid. 
Whilst  the  muscle  draws  this  outward  over  the  eyeball,  it  at  the 
same  time  rotates  the  ball  inw^ard  beneath  the  third  lid,  being 
attached  to  movable  points  at  both  extremities.  The  upper  eyelid 
has  a  levator  muscle,  m,  chiefly  inserted  into  the  palpebral  ossicle, 
but  also  sending  a  few  fibres,  n,  to  be  attached  to  the  palpebral 
conjunctiva  near  its  angle  of  reflection.    The  under  lid  has  a 
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depreasoT  muscley  a.  Of  the  musolee  of  the  ejehall,  p  marks  the 
rectus  superior;  q  the  rectus  inferior;  r  the  rectus  extemus;  s 
the  obliquus  inferior :  the  rectus  intemus  and  obliquua  superior 
are  likewise  present.  The  letter  x  marks  the  insertion  of  the 
choanoid  muscle  or  retractor  of  the  eyeball,  which  consists  of  finir 
portions  surroundinir  the  optic  nerve,  v.  Counting  these  with  the 
other  muscles  of  the  eyeball  and  lids,  there  are  not  fewer  than 
thirteen ;  and  the  eye  of  the  Crocodile  has  its  special  skeleton  as 
well  as  nnisolcs,  represented  by  the  super-]>alpebral  ossicle. 

In  both  Kcptlles  and  Fishes  the  range  ot  gradations  of  dioptric 
gtrueturcs  is  very  great;  and  the  number  of  species  in  which  the 
eye  is  a  mere  passive  recipient  of  the  stimulus  of  light,  and  unfit 
for  sight,  or  the  discernment  of  outward  objects,  is  greater  in  the 
air-breathing  than  in  the  water-breathing  Hematocrya, 

§  66.  Orgtm  of  Htaring  in  Fishes,  —  The  cartilaginous  capsules 
of  the  acoustic  organs  are  precociously  developed  in  all  Fishes:  in 
the  Myxinoids  and  Ammocetes  they  retain  their  primitive  exterior 
position  at  the  aides  of  the  base  of  the  proper  cranium,  fig.  56,  le; 
they  are  less  conspicuous  in  the  Lamprey,  fig.  60,  is;  they 
become  inyolved  in  the  thick  cartilaginous  widls  of  the  cranium  in 
the  Plagiostomes ;  and,  in  Osseous  Fishes,  are  walled  up  ester* 
naUy  either  by  the  surrounding  cranial  bones,  or  by  a  special 
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ossification  of  the  exterior  part  of  the  capsule  itself,  forming  an 
*os  petrosum/  as  e.g.  in  the  Carp,  fig.  83,  i6,  and  Perch,  fig^ 
85,  84,  16.  In  the  dry  skull  the  eaivchamher  appears  as  a  large 
lateral  compartment  of  the  cranial  cavity,  fig.  227,  o\  and  is 
formed  as  described  in  p.  115. 

In  tlie  Myxinoids  the  membranous  labyrinth  is  a  simj)le  annular 
tube,  lined  by  vibratile  cilia,  filled  with  fluid,  and  supjuirfin/? 
the  ramifications  of  the  acoustic  nerve.  Tn  the  Amniocete  and 
Lamprey  the  labyrinth  is  specially  attached  to  its  cartilagiut)"-^ 
capsule,  and  consists  of  a '  vestibule '  and  two '  semicircular  canals/ 
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each  of  which  dilates,  at  its  origin,  into  an  ^  ampulla/  which  has 
some  processes  from  its  inner  surface.  The  two  canals  again 
communicate  with  the  vestibule^  where  they  cross  each  other :  the 
two  divisions  of  the  acoustic  nerve  first  surround  the  ampulhe 
before  they  spread  over  the  rest  of  the  labyrinth.  The  acoustic 
communicates  with  the  cranial  cavity  by  two  openings :  the  inferior 
and  laiger  is  oval  and  closed  by  membrane :  the  superior  gives 
passage  to  the  acoustic  nerve. 

In  all  other  Fishes  the  membranous  labyrinth,  fig.  229,  a,  o, 
consists  of  a  vestibule,  ib.  «,  and  three  semicircular  canals,  o ;  the 
vestibule  (Ulating  into  one  or  more  *  saccnil,'  sc]):irated  by  a  con- 
striction, or  bv^  a  narrow  canal,  from  the  '  alvons  communis/  and 
containing,  besides  the  fluid  called  *  endolyuiph,'  two  ur  more 
maspcs  of  carbonate  of  lime,  called  *  otolltos/  *  These  are  compact 
and  crystalline  in  Osseous  Fishes.  The  largost,  fig.  81,  U','\  1^  an 
oval  or  ronnd  flattened  bodv,  striated  and  indented  at  the  margins  ; 
convex,  and  sometimes  grooved  {Ephippus),  on  one  side,  more  or 
less  excavated  on  the  other.  The  smaller  otolite  is  less  regular  in 
its  shape:  there  arc  often  two  of  these.  Each  semieireidar  canal 
rises  by  an  ampulliform  end,  fig.  229,  e,f,^,from  the  ^alveus 
communis/  a,  and  communicates,  by  the  opposite  end,  either  with 
another  canal,  or  with  the  vestibule  separately,  without  previous 
dilatation :  two  of  the  canals  are  subvertical  in  their  course,  and 
are  anterior,  e,  and  posterior,  ff,  in  relative  position :  the  third 
canal,/,  is  external  and  horizontal.  A  septum  is  continued  across 
the  ampulla  from  the  line  where  the  division  of  the  acoustic  nerve 
enters :  a  large  proportion  of  the  nerve  expands  upon  the  sac  of 
the  otolites.  In  some  fishes  this  communicates  with  the  vestibule 
l)y  a  nan-ow  canal.  All  the  parts  of  the  lal)3-rintli  arc  of  large 
size;  yet  the  compartments  of  the  otocrane  wliich  tlic  semicircular 
canals,  fig.  229,  f^ff,  traverse,  'are  much  too  wide  for  tlicni, 
and  they  arc  supiiorted  in  these  passages  by  a  very  fine  cellular 
membrane.^'  In  the  Pike  (JSsox  lucins)  a  pyriform  membranous 
sac,  lodged  in  the  commencement  of  the  spinal  canal,  opens  into 
the  vestibule  near  the  entrance  of  the  posterior  semicircular  canal. 

The  Flectognaths,  Lophobranchs,  Uolocephali,  and  Sturgeons 
resemble  the  bony  fishes  in  the  form  and  position  of  the  labyrinth; 
but  tiie  otolites  are  represented  by  cretaceous  particles ;  and  in 
the  Chimaera  the  communication  between  the  craniiun  and  otocrane 
begins  to  contract.   The  otolites  are  a  hard  chalky  substance  in 

'  Figures  of  thcso  bodies  will  be  found  in  xx.  voL  iit  pU  35;  in  lsfui.,  vmto*,  and 
in  LxxH.,  with  microscopic  figoret  of  Uie  erjrstale. 
'  Iluutcr,  vu.  iii.  p.  lOX. 


Digitized  by 


344 


AHATOMT  OF  YEBTBBRATES. 


S28 


Orgui  of  bewing.  iikatc'.  lxmii. 


the  Lepidoeireny  in  which,  as  well  as  in  the  Plagiostomes,  the 
whole  kbyrinth  is  buried  in  the  thick  basi-lateral  walls  of 
cramunu   In  Phigiostomes  the  capsule  confonns  more  dooely  in 

size  and  configuration  to  the  membranous 
labyrinth;  its  passages  and  oompartmentB 
are  lined  by  a  delicate  perichondrium,  from 
which  tilamcnts  are  detached  to  support 
the  .semicircular  canal.  The  vestibule  is 
divided  in  the  Skate  and  Toi>e  into  three 
comj)artments,  —  the  *  alveus  communis,' 
fi;x.  228,  a  ;  the  i^ac,  ib.  />,  and  the  cysticule, 
ib.  c ;  and  it  has  also  a  small  cajcal  ai)pend- 
age,  called  the  '  utricule/  ib.  d :  the  otolitic 
contents  are  like  soft  chalk,  and  are  dis- 
posed in  two  masses ;  one  Teiy  large,  occu- 
pying the  sac  and  the  cysticidc,  the  other 
small,  and  lodged  in  the  utricule.  A  canal  extends  in  Sharks 
from  the  vestibular  capsule  to  a  foramen  at  the  upper  part  of 
the  occiput,  which  is  closed  by  the  sldn.  In  the  Bays,  besides 
this  *  fenestra  capsulae,'  ib.  v,  a  membranous  canal,  ib.  o,  p,  is  pro* 
duced  from  the  vestibule  itself,  and,  as  Hunter  well  describes, 
*froni  the  union  of  the  two  perpendicular  canals,  fig.  228,  p; 
Avhleh  is  tlie  case  with  all  the  Kay  kind,  the  external  orifice 
]hAw^  small,  and  placcMl  on  the  uj>per  flat  surface  of  the  head.* 
minute  and  approximated  are  these  *  outer  ears,''  that  Scarjwi 
may  be  j)ardoned  for  overlooking  them,  thouj^h  scarcely  for 
the  warmth  with  which  lie  re])udiates  their  existence.^  The 
"  meatus  vcstibuli'  is  provided  at  its  bent  extremity,  tig.  228,  o, 
with  a  special  muscle,  ib.  tr. 

A  true  tympanic  cavity  and  membrane,  together  with  a  cochlea, 
are  absent  in  all  Fishes.  But  in  many  osseous  spedes  a  com- 
munication is  established,  either  by  tubular  prolongations,  or  by 
chains  of  ossicles,  between  the  acoustic  labyrinth  and  the  air- 
bladder.  Weber'  discovered  the  latter  interesting  structure  in 
the  Carp,  Loach,  and  Sheat-fish.  A  canal  is  sent  from  the  sac  of 
each  vestibule,  fig.  229,  6,  to  a  common  *  sinus  im])ar,'  ib.  A,  in 
the  substance  of  the  basi-occipital :  this  communicates  on  each 


*  xcii.  p. 296.  Hunters  original  memoir  *0n  the  Organ  of  Hearing  in  Fishes'  was 
jirfilted  in  the  volume  of  the  rhiloflophical  Transactions  for  1782,  not,  as  Brcschet 
■ttlet,  in  the  year  I78S.  (LTm.ii.5&>) 

'  *Hunterum  autcm  atqne  Honronm  ▼ehcmenter  anper  faao  re  tibi  heUueiiMtoe 
fuissc'  (Lx.  pp.  1,  s.) 

"  LXXllI. 
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side  by  a  small  orifice  with  two  subspherical  *  atria,*  on  the  body 
of  the  atlas,  close  to  the 
foramen  magnum,  which 

*  atria '  are  supported  ex- 
ternally by  the  ossicles  / 
and  in,  and,  by  means  of 
the  large  ossicle  o,  are 
brought  into  communica- 
tion with  the  fore  part  of 
the  air-bladder, /?.  15oth 
the  atria  and  common 
sinus  are  filled  by  the 
endolymph,  and  from  the 
fore  part  of  the  sinus  a 

*  canalis  furcatus,'  ib.  ?, 
produced,    the  blind 


IS 


ends  of  which  penetrate 
the  alisphenoids.  In  the 
grovelling  Loach  (  Colitis 
barhatula),  the  air-bladder 
would  seem  to  exist 
chiefly  in  subserviency 
to  the  organ  of  hearing. 
It  is  so  small  as  to  be 
-wholly  included  within 
the  singularly  modified 
parapophyses  of  the  se- 
cond and  third  cervical 
vertebral,  which  are  ex- 
panded and  coalesced  so 
as  to  form  a  large  *  bulla 
ossea '  beneath  their  cen- 
trums.' The  three  ossicles 
on  each  side,  which  bring 
the  air-bladder  into  com- 
munication with  the  *  atria' 
of  the  labyrinth,  are  also 
concealed  by  the  fore  part 
of  the  parapophysial  bul- 
lie :  it  is  plain,  therefore, 
that  they  are  not  dis- 
memberments   of  those 


Organ  of  ncarliig  lu  situ,  wUli  alr-M.idder  »nd  oshIcIcs,  Carp. 
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lateral  or  traasyerse  apophyses  of  the  vertehrae ;  and,  with  regard 
to  their  relation  to  the  *  ossicuU  auditila '  of  the  tympanic  cavity 
in  Mammalia^  Weber  mistook  a  relation  of  analogy  for  one  of 
homology,  when  he  called  them  *  malleus,'  '  incus,*  and  '  8taj>es.' 

They  belong,  like  the  capsules  of  the  special  orgaus  of  sense,  to 
the  *  spkuK  Imoskeleton.*  And  since  the  vestibule  is  prolonjicKl 
by  the  *atiia  into  the  neural  canal  the  atlas,  this  vertelira 
must  be  added,  in  the  Cyprlnoid  and  Slhiroid  Fishes,  to  the 
parts  of  the  cranial  vertel)r;p  enumerated  at  p.  115,  as  entertTitr 
into  tlie  formation  of  the  ehumber  of  the  acoustic  oriran.  In  th<- 
Herring  a  tubular  prolongation  of  the  fore  part  of  the  air-bladder 
advances  to  the  basioccipital,  and  bifurcates ;  each  branch  pene- 
trates the  side  of  the  base  of  the  skull,  again  bifurcates,  and 
terminates  in  two  blind  sacs,  which  are  in  contact  with  similar 
cecal  processes  of  the  labyrinth.  In  the  Ilolocentrum  and 
Sargus,  caecal  processes  of  the  swim-bladder  also  divei^^  to 
attach  themselyes  to  the  membrane  closing  the  part  of  the  oto- 
crane  containing  the  sac  of  the  great  otolite. 

In  Osseous  Fishes  the  sonorous  Tibralions  of  their  liquid  element 
is  communicated  by  the  medium  of  the  solid  parts  of  their  body, 
and  in  some  species,  also,  through  the  vibrations  of  the  air  in  the 
air-bladder,  to  the  liquid  contents  of  the  labyrintli.  In  the  Plagio- 
stomous  Fishes  the  resonaii  i  in  tlie  walls  of  their  cartilaginous 
cranium  is  less  than  in  the  bony  .^knll  of  ordinary  fishes;  but  the 
labyriuth  is  wholly  inclosed  in  the  cartilage;  and  a  further  com- 
pensation is  made  by  the  prolongation  of  its  ehamlier  to  the  snrl';u^' 
of  the  bod  v  in  some,  and  by  a  similar  prolongation  of  the  nmn- 
branous  labyrinth  itself  in  others.  The  position  of  the  external 
orifices  on  the  top  of  the  head  in  the  Skate  tribe,  may  relate  to 
the  commonly  prone  position  of  these  flat  fishes  at  the  bottom  of 
the  sea.  Professor  ^liiller  concludes,  from  his  experiments,  ^  that 
the  air-bladder  in  tithes,  in  addition  to  other  uses,  serves  the 
purpose  of  increasing  by  resonance  the  intensity  of  the  sonorous 
undulations  communicated  from  water  to  the  body  of  the  fish.'^ 
The  vibrations  thus  communicated  to  the  peri-  and  endo-lymph  of 
the  labyrinth  are  doubtless  made  to  beat  more  strongly  upon  the 
delicate  extremities  of  the  acoustic  nerve,  in  Osseous  Fishes,  by 
their  effect  upon  the  suspended  otolites :  and  it  will  be  observed, 
that  the  chief  portions  of  the  nerve  expand  upon  those  chambers 
of  the  vestibule,  which  contain  the  otolites.  The  large  size  of  tlie 
organ  of  hearing,  and  especially  that  of  the  hiu  d  otolites,  also  relate 
to  the  medium  thiough  whicli  the  sonorous  vibratiout>  aic  propagated 
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to  the  fifli,  and  to  the  mode  in  which  they  arc  transmitted  to  the 
organ ;  in  like  manner  as  the  eyeballs  are  expanded,  in  order  to 
take  in  the  utmoBt  possible  amount  of  light.  The  contracted 
encephalon  harmonises  with  and  suffices  for  the  sensations  and 
▼oiitions,  and  the  simple  series  of  ideas  daily  repeated  in  the 
monotonous  existence  of  the  scaled  inhabitants  of  the  waters. 

§  67*  Organ  af  Hearing  m  ReptUea, — The  otocfane  is  Utfge  in 
proportion  to  the  craoinm,  in  the  PerennibranchSj  but  is  distinct 
from  it :  it  is  chiefly  excavated  in  the  alisphenoid  and  exoccipital. 
It  inclndes  a  Testibule,  three  semidrcukr  canals  {Proteus^  Axehieg), 
and  the  otolithic  sac  containing  a  cretaceous  matter,  which  has 
more  shape  and  consistency  in  the  Axolotl  than  in  the  Newts  and 
Salamanders.  The  external  orifice  of  the  acoustic  capsule  can 
now  be  recosjnised  as  a  '  vesiibular'  one,  or  'fenestra  ovalis/  and 
it  is  closed  hy  a  cartila<2^noiis  j)latc  representing  the  base  ot  the 
gtnpcs,  connected  with  a  slender  ossicle  in  the  Axolotl :  but  as  yet 
there  is  no  trace  of  tympanic  cavity.  The  aiiaiofry  of  the  ear  to 
the  eye,  by  the  absence  of  the  tympanic  and  conjunctivo-lacrymal 
forecourts  in  the  respectiTe  organs  of  Fishes,  is  still  kept  up  in  the 
fish-like  Reptilia. 

The  tympanic  adjunct  to  the  organ  of  hearing  makes  its  first 
appearance^  sunultaneously  with  the  developement  of  eyelids  and 
laciymal  organs,  in  the  Batrachia  which  have  quitted  their  aquatic 
for  an  aerial  existence.  Beyond  the  vestibular  foramen  is 
continued  a  short  but  wide  passage  outward,  or  *  meatus/  closed 
irom  the  external  air  by  a  thin  transparent  yibratile  membrane — 
the  'tympanum'  or  ear-drum.  From  the  gristly  plate  closing 
the  vestibular  foramen  a  slender  bony  style  is  continued  across 
the  *  tynipatiic  cavity'  to  a  dnun,  to  which  it  is  attached  by  a 
capitular  or  spatulate  cartilage,  in  which  a  small  muscle  is  inserte<I. 
A  wide  vertical  parage  from  the  tympanic  cavity  to  the  fauces 
preserves  the  equilibrium  between  the  air  in  that  cavity  and  tlic 
atmosphere  outside  :  it  is  called  *  eustachian  tube'  This  tube 
will  be  found  to  bear  relation  to  the  size  and  exposed  condition  of 
the  ear-drum,  and  perhaps,  also,  to  its  fonui  which,  in  the  Frog 
and  other  air-breathing  Ovipara,  is  convex  externally.  In  the 
Pipa  the  bony  meatus  is  long  and  tubular  in  shape,  the  eustachian 
tubes  terminate  by  a  single  median  and  minute  orifice  on  the 
palate:  the  ear-drum  is  concealed  by  a  partial  covering  of  skin. 
It  is  less  conspicuous  externally  in  all  Toads  than  in  Frogs:  a  small 
muscle  acts  on  the  cartilage  connected  with  the  ear-drum,  and  a 
second  longer  muscle  is  attached  to  the  discoid  |)iece  closing  the 
vestibular  orifice.    The  labyrinth  cimsistB  of  alveus  communis. 
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•three  semicircular  canals,  and  otolithic  sacculits  contaimog  a  semi- 
fluid cretaceous  suhstauce ;  it  u  pi  u|<oiiionally  smallest  iu  JHpa, 

All  serpents  have  the  internal  oi^gan  of  hearing,  similar  in  the 
main  to  tiie  above :  the  base  of  tiie  stapes  closing  the  foramen 

vestibuli,  is  connected,  in  most  serpents,  by  a  long  slender  bony 
style,  fig.  97,  iG,  thruu^li  the  medium  of  a  cartilage  and  li^ra- 
mcntoiis  fibres  to  the  f»kin,  wbioh  shows  no  sign  of  car-drnui  or 
external  meatus.  Ko  air  is  athnlttcd  by  an  eustachian  canal  to 
the  cellular  Hubstance  traversed  by  tlie  tympanic  ossicle ;  and  of 
tills  there  is  no  trace  in  Tythlop^  ami  Bhinoji/iis, 

In  Lacertians,  the  modification  of  ])art  of  the  nit(  LLument  for 
the  special  reception  of  sonorous  vibrations  is  resumed.  In  the 
Iguana,  the  ear-drum  is  partially  protected  by  its  oblique  position 
and  hj  a  rising  or  ibid  of  the  skin  at  the  back  part  of  its  circum* 
ference.  It  consists  of  the  proper  fibrous  tissue  of  the  tympanic 
membrane,  covered  externally  by  a  thin  layer  of  epithelium,  and 
internally  by  the  lining  membrane  of  the  tympanic  cavity.  The 
communication  between  the  membrana  vestibuli  and  membrana 
tympani  is  by  the  stapedial  disc,  the  columelliform  ossicle  and  the 
terminal  or  'malleal'  cartilage.  The  eustachian  canal  is  rela^ 
tively  narrower,  and  its  course  more  oblique  than  in  the  Frog :  the 
otolite  is  a  lenticular  calcareous  body,  finner  than  in  the  Frog. 

In  the  Chelonia  the  ear-drum  is  again  masked  by  unmodified 
integument  ;  in  the  Tunic  {Cluhmc  mt/das)  it  is  covered  by  the 
second  scale  counting  upward  from  the  articulation  of  the  lower 
jaw.  The  membrana  tympani  is,  however,  distinctly  fonmd, 
thicker  and  more  opake  than  in  Ihitrachia  or  Lacertiuy  and  con- 
vex outwardly.  The  long  columellilorm  ossicle  fig.  92,  if;',  is 
connected  with  it  l)y  a  discoid  cartilage,  and,  at  the  opposite  end, 
penetrates  and  closes  the  vestibular  orifice  by  a  sub-cartilaginous 
plate.  The  tympanic  cavity  is  divided  into  two  parts  by  a  bony 
septum,  intercommunicating  at  the  columcllnr  canal :  the  inner 
or  antevestibular  part  also  conunnnicates  with  cells  on  the  mastoid. 
The  eustachian  canal  is  narrow,  and  descends  behind  the  arti- 
culation of  the  mandible ;  its  palatal  opening  is  more  remote  from 
that  of  the  opposite  ear  than  in  other  BepiUia,  The  proper  cap* 
Bule  of  the  labyrinth  b  cartilaginous:  besides  the  three  semi- 
circular canals  and  the  otolithic  capsule,  there  now  buds  from  the 
vestibule  a  beginning  of  a  cochlea,  with  a  corresponding  small 
opening  into  the  tympanic  cavity. 

These  approximations  to  the  higher  structure  of  the  internal 
ear  are  more  conspicuous  in  Croeodilia.  The  cochlear  j^roccs^  is 
conical,  with  tlie  apex,  fig.  230,  a,  slightly  bent ;   its  cavity  is 
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divided  into  two  compartments  by  a  double  cartili^uious  septum, 
ib.  b,  except  at  the  apex,  where  they  communicate;  whilst,  at  the 
base,  one  compartment,  '  scala  vestibuli,*  commuuleuiea  with  the 
vestibule,  the  other,  *  scala  tympani,* 
by  a  small  orifice  (foramen  cochleae, 
seu  rutundum),  witli  the  tympanic 
cavity,  in  the  dry  skull,  but  closed 
l>y  membraDe  in  the  living  animal. 
The  cochlear  diyision  of  the  acoustic 
nerve  is  shown  at     fig.  230.  The 
semicircular  canals  are  small  com- 
pared with  those  of  fishes :  c  is  the 
anterior  perpem^cular,  d  the  pos- 
terior perpendicular,  and  e  the  ex- 
ternal or  horizontal^  canal  which 
curves  over  the  'foramen  ovale,'/. 
The  membrana  tympani,  ^,is  lodged 
at  the  bottom  of  a  deep  fissure, 
and  irf   protected   by   an  opercular  flap  of  the  integument, 
/i,  titting  to  a  smaller  fold  below,  ?,  and  accurately  dosing  the 
passage.    This  is  the  sole  ap|)roach  to  an  external  ear  known 
in  existinji  Ke])tilia.    The  ear-drum  is  inclined  downward  and 
outward,  adapted  to  tlic  reception  of  sound  from  above,  and  also 
to  the  position  of  the  overhanging  flap.    The  gristly  represen- 
tation of  the  malleus,  A,  is  well-marked,  and  the  ear-drum  is 
thickwied  at  its  place  of  attachment :  tlie  columellar  part  of  the 
atapes,  /,  extends  obliquely  downward  to  the  foramen  ovalcN  >  ii 
▼estibuli,  /.     The  tympanic  cavity,  m,  is  singularly  extruded 
by  air-cells,  not  only  developed  in  the  mastoid,  but  in  the 
bad-,  parw,  and  super-occipitals,  fig.  94,  3,  in  the  allsphenold  and 
parietal,  ib.  7,  bones.  The  oommumcations  between  the  tympanic 
cavity  and  fauces  are  more  complex  than  in  other  anunals,* 
although  the  eustachian  faucial  opening,      is  single,  median,  and 
common  to  both  ears.    It  is  situated  a  short  way  behind  the  pos- 
terior nostril ;  and  from  it  is  continued  a  median,  o,  and  two  lateral, 
p,  canals.  The  median  canal  rises  and  enters  a  bony  canal  between 
the  basioccipitol  and  basbphenoid,  which  bifurcates,  one  branch,  q, 
inclining  forward  into  thebasisphenoid.the  other,  ;  ,  contmiied  ver- 
tical! v  into  the  basioccipitol,  both  in  the  medial  plane.   Each  of 
th.-e  branches  again  bifurcates,  transversely  one  to  the  right, 
Uiu  other  to  the  left,  opening  upon  the  floor  of  the  tympamc  cavity. 
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The  lateral  membranous  canaby from  the  eustachian  outlet, 
diverge  to  the  orifices  of  corresponding  lateral  bony  canals^  which 
ascend  between  the  basioccipital  and  basisphenoid,  and  communi- 
cate each  with  the  transTerse  subdivision,  of  the  posterior  or 
occipital  branch  of  the  median  eustachian  canal:  a  small  rhomboidal 
sinus  is  formed  at  the  point  of  union,  from  which  a  short  canal, 
if  is  continued  to  the  tympanic  cavity.  The  common  inferior 
outlet,  situated  on  a  prominence,  is  partly  dosed  by  a  yalve,  «, 
reducing  its  area  to  a  crescentic  form.^ 

§  68.  Electric  Orffans  of  Fishes, — ^Besides  the  modifications  and 
appendagi's  of  the  peripheral  extremities  of  the  nerves  consti- 
tuting organs  of  special  sense,  aiiil  those  of  which  the  function  is 
Htiil  conjectural,  there  are  nerves  iu  iishes  subject  to  more  extra- 
ordinary combinations,  and  forming  instruments,  unknown  iu  the 
higher  vertebrate  classes,  having  the  property  of  accumulating 
and  concentrating  the  subtle  mode  of  force  applicable  to  the  com- 
munication of  electric  shocks.  The  faculty  is  limited  to  few 
genera,  the  most  remarkable  being  Torpedo  and  Gymmtut^  the 
species  of  which  possess  the  electric  organs  in  the  highest  slate  of 
developement*  In  a  minor  degree  the  organs  and  power  exist  in 
Malapterurus  electricut,  Mai  JBeninenns,  Mormyrus  Umgipinnit^ 
Mor,  oxyrhynchus^  Mor,  dorsaUB,  TrichiuruB  elecirieusiGynmarehut 
nHoHcuM^  and  Tetraodon  eUdricut* 

In  the  Torpedo  GahanH  the  organs  are  two  in  number,  are 
large,  flattened,  reniform  bodies,  lodged  on  each  side  of  the  head 
and  gill:?,  and  encompassed  by  these  and  by  the  anterior  borders 
of  the  pectoral  fins  (fig.  139,  k):  they  consist  of  a  mass  of  ver- 
iienl,  for  the  most  part  hexagonal,  prisms,  the  ends  of  which  are 
covered  V)v  the  dorsal  and  ventral  inteinunents,  iKiitli  these 
the  organs  are  immediately  coated  hy  n  thin  glistening  aiMuion- 
rosis,  which  sends  down  partitions  forming  the  chambers  of  the 
prismatic  columns.  Each  column,  when  insulated  in  the  recent 
fish,  seems  like  a  mass  of  clear  trembling  jelly ;  but  consists  of  a 
scries  of  delicate  membranous  plates  inclosed  by,  or  adherent  by 
their  margins  to,  a  proper  capsule,  and  separated  from  each  other 
hy  a  small  quantity  of  a  limpid  albuminous  fluid.  Each  flattened 
cell  thus  formed  is  lined  by  an  epithelium  of  nucleated  cells: 
the  fibrous  tissue  of  the  plates  and  common  capsule  presents  die 
microscopic  characters  of  elastic  tissue ;  between  it  and  the  epi- 
thelium is  a  clear  unori;anised  laver,  the  seat  of  the  ultimate 
ramifications  of  the  vesscb  and  nerves.  The  pro])er  capsule 
adheres  to  the  aponeurotic  partition- walls  which  support  the 
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columns  and  the  larger  branches  of  the  nerves  and  vessels  of  the 
organ.  Some  of  the  vertical  columns  do  not  extend  through  the 
entire  thickness  of  the  organ;  but  are  interrupted  where  the 
deep-seated  nerves  traverse  the  substance  of  the  battery,  fig.  231, 
A,  D.    The  transverse  plates  of  the  vertical  columns  are  shown 

231 


Tbc  rljrJit  electrical  orjmn,  dlTi<l(>d  horlionUlly,  at  the  pUec  where  the  ncncs  enter.  Tifrpft 


at  E.  Hunter,  who  counted  470  columns  in  each  organ,  describes 
the  ])artitions  as  being  very  vascular  :—*  The  arteries,'  he  says, 
'arc  branches  from  the  vessels  of  the  gills,  which  convey  the 
blood  that  has  received  the  influence  of  respiration.'*    lUit  the 
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most  characteristic  feature  of  the  organisation  of  the  electric 
battery  b  its  enormous  supply  of  nervous  matter.  Each  organ 
derives  this  supply  from  one  branch  of  the  trigeminal^  fig.  231»  A, 
and  from  four  branches  of  the  vagal  nerves,  ib.,  b,  c,  d  ;  the  four 
anterior  nerves  are  each  as  thick  as  the  spinal  cord:  the  last 
nerve  ia  a  feeble  branch  of  the  vagus.  The  trigeminal  and 
vagal  enlaigementB  of  the  olivary  and  restiform  tracts  coalesce  on 
eadk  side,  forming  the  so-called  'electric  lobes*  of  the  medulla 
'  oblongata.  The  electric  branch  of  the  fifth  nerve  may  be  defined 
even  at  its  origin,  from  Hie  true  ganglionic  part  of  that  nerve; 
and  both  this  and  the  vagal  branches  consist  entirely  of  the  pri- 
mitive nerve-fibres  of  animal  life,  as  in  fig.  164.  The  nerve- 
trunks  me  distributed  by  successive  resolution  into  smaller  and 
smaller  fasciculi,  until  tbcy  finally  penetrate  the  septa  of  the 
columns,  and  terminate  tliereon  by  mesbes  formed  by  loops,  or  by 
the  return  and  anastomosis  of  tbc  jirimitivc  ncrvc-fibrcs.' 

In  the  eel-like  Gymnotus  the  electric  organs  are  four  in 
number,  and  are  situated  two  on  each  side  the  body,  extending 
from  behind  the  pectoral  iius  to  near  the  end  of  the  tail,  fig.  232» 
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/f,  /.  They  occupy  and  almost  constitute  tlie  whole  lower  half  of 
tbc  trunk,  fig.  233  ;  tbc  upper  organ,  ib.  A,  being  nuicli  larger  tban 
the  lower  one,  ib,  i,  from  wdiich  it  is  separated  by  a  thin  muscular 
and  aponeurotic  stratum.  The  organs  of  one  side  are  separated 
from  those  of  the  other,  above  by  the  vertebral  column  and  its 
muscles,  ib.  then  by  the  air-bladder,  ib.  d,  and  below  this  by 
an  aponeurotic  septum,  ib.  A.  From  this  septum,  and  from  that 
covering  the  air-bladder,  there  extend  outward,  to  be  attached  to 
the  skin,  a  series  of  horizontal,  or  nearly  horizontal,  membranes, 
arranged  in  the  longitudinal  axis  of  the  body  nearly  parallel  to 
one  another;  they  are  of  great  but  varying  length,  some  being 
co-extensive  with  the  whole  organ,  fig.  232,  k :  thehr  breadth  in 
almost  that  of  the  semidiameter  of  the  plane  of  the  body  in 
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which  they  are  situated,  fig.  233,  //.  These  membranes  are  about 
half  a  line  apart  at  their  outer  borders ;  but,  as  they  pass  from 
the   skin  towards  their  inner  attachments,  they  approach  one 


233 


Vertical  trausreree  icctloD,  0)fmnotu»,  nataral  size.  ocxv. 


another.  They  are  intersected  transversely  by  more  delicate 
vertical  plates,  extending  from  the  skin  to  the  median  aponeu- 
rosis, and  coextensive  in  length  with  the  breadth  of  the  septa 
between  which  they  are  placed.  Hunter  counted  about  240  of 
these  plates  in  a  single  inch  of  length  of  the  horizontal  mem- 
brane.* He  compares  those  stronger  membranes  to  the  aponeu- 
rotic walls  of  the  prisms  of  the  Torpedo,  and  the  inter- 
secting delicate  plates  to  the  partitions  of  the  prisms :  and  if 
we  admit  the  analogy  of  these  plates,  and  of  those  of  the  Tor- 
pedo, to  the  plates  of  the  voltaic  pile,  we  perceive  that,  in  the 
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GymnotoB^  the  batteries  are  horizontal  and  the  plates  ▼erticel, 
fig.  233»  A,  whiUt  in  the  Torpedo  the  batteries  are  Teitical  and 
their  pUtes  horizontal,  fig.  231,  E.  The  mtnation  of  the  organs 
is  also  very  different  in  the  two  fishes ;  they  cjctend  from  before 
the  j)cctoriil  fins  to  tlie  anterior  part  of  the  liead  in  the  one, 
fig.  139,  E,  and  i'rom  behind  the  pectoral  fins  to  neur  the  end  of 
the  tml  in  the  other,  fig.  232,  k.  But  a  more  important  difference 
existii  iu  the  condition  of  tlie  interf^paces  between  the  delicate 
tran»ver5«e  plates.  In  tlie  Torpedo  they  f?iniplv  contain  a  fluid. 
In  tlie  (lymnotiis  two  strata  of  pyramidal  cells  diverge  from  a 
common  basis  traversing  each  interspace,  and  terminate  freely, 
the  one  towards  one  plate,  the  other  towards  the  opposite  plate, 
and  divide  the  fiuid  into  a  '  pre-cellular*  and  *  post^cellular* 
portion.  The  cellular  basis  is  ^positive,'  the  post-cellular  fluid 
and  the  partition-plate  is  negative,  constituting  the  'Yoltaic 
couple;'  whilst  the  pre-cellular  fluid  is  the  conducting  element 
between  one  '  couple'  or  pUte  and  the  next:  the  whole  represents 
the  ternary  type  of  the  voltaic  pile.  The  Torpedo's  structure  is 
according  to  the  binary  type.  Another  remarkable  difference 
is  in  the  source  of  the  nervous  supply.  In  the  Gymnotns  the 
electric  organs  are  supplied  by  the  'rami  ventrales'  of  all  the 
spinal  nerves,  about  200  pairs,  that  issue  in  the  course  of 
their  extent;  some  of  the  filaments  ramiiV  ui  uu  the  horizunliil 
membranes  from  their  cntaneou*;  m:ir<xius  ;  but  the  greater  part  of 
the  nerves  cume  trom  the  deeper-seated  branehes  which  de^^cend 
uj)on  the  median  aponeurotic  partition-wall,  and  spread  upon  the 
septa  of  the  organ  from  within  outwards.  Yet  the  nervous  late- 
ralis, which  is  derived  from  the  same  cerebral  nerves  as  those 
which,  in  the  Torpedo,  supply  the  electric  batteries,  and  which  is 
formed  by  similar  proportions  of  the  trigeminal  and  vagus,  ex- 
tends the  whole  length  of  the  electric  organs  in  the  Gymnotus 
without  rendering  them  a  filament;  it  is  situated  nearer  the 
spine,  and  is  of  larger  nxe  than  usual,  but  Hunter  was  not 
able  to  trace  any  nerves  going  from  it  to  join  those  of  the 
medulla  spinalis,  which  run  to  the  organ.'  The  quanti^  of 
nervous  matter  supplied  to  the  batteries  of  the  Gymnotus  is 
less  than  in  the  Torpedo :  but  more  substance  enters  into  their 
composition. 

The  projMjrtionul  size  of  the  electric  organs  is  :\l>u  much 
greater  in  the  Gymnotus  than  in  the  Torpedo:  indeed,  the  proper 
body  oi  the  Gymuotus  is,  as  it  were,  a  mere  appendage  tacked  on 
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to  the  fore  part  of  the  enormous  batteries;  for  the  digestive  and 
generative  viscera,  with  the  respiratory  and  circuhiting  oigans, 
the  brain  and  oigans  of  sense, — 
all,  in  ftct,  that  constitute  the 
proper  animal,  —  are  confined  to 
that  small  segment  of  the  entire 
body  which  is  anterior  to  the  eleo- 
trical  apparatus,  fig.  232,  b.  The 
vent  even  opens  beneath  the  head, 
in  advance  of  the  pcctcjral  liiis. 

The  electric  orf£ans  of  the  Afa^ 
lapteritrus  electricus^  form  a  hiyer 
fig.  234,  A,  immediately  beneath 
the  skin,  enveloping  the  whole 
body  except  the  head  and  fins,  and  separated  from  the  muscles, 
ib.  G,  by  a  fascia  with  vessels  and  nerves,  ib.  B,  and  by  a  layer 
of  adipose  tissue,  ib.  £.  The  electric  organ  is  divided  by  fine 
decussating  membranes  into  minute  lozenge-shaped  cells,  about  a 
third  of  a  line  in  diameter,  fig.  235,  b.  It  is  supplied  by  a  large 
nerve  issuing  firom  the  b^;inning  of  the  myekm  and  arising  from 
ft  mass,  in  its  substance,  of  gangUon-ceUs,  IDlo  those  in  the  electric 
lobes  of  the  Torpedo.  A  considerable  ganglion  is  also  formed  upon 
the  nerve  beyond  its  origin,  from  wbich  the  trunk  is  continued 
along  the  ode  of  the  body,  like  a '  nervns  lateralis,*  and  distributes 
branches  to  the  difiused  organ.  The  structure  of  the  organ  is  such 
that  the  electric  currents  run  in  all  directions,  and 
a  discharge  would  take  place  from  any  point  of 
its  surface,  whence,  perhaps,  the  necessity  for  a 
layer  of  nonconducting  substance,  E,  between 
the  proper  body  of  the  fish  and  the  organ.  The 
shock  delivered,  wanting  the  concentration  re- 
sulting from  the  structure  in  the  Torpedo,  is 
comparatively  feeble,  but  suffices  for  defence; 
the  fish  being  protected  by  its  electrifying  coat, 
as  is  the  hedgehog  by  its  spines. 

In  the  MormyruM  hmff^nnnii  the  electric  organ 
consists  of  four  series  of  membranous  septa 
placed  longitudinally  on  the  tail,  two  on  each 
side.  Each  series  consists  of  about  160  septe 
with  intervals  of  ^^th  of  a  line,  filled  by  albu- 
minous fluid.  Tlie  septa  are  stronger  than 
those  in  the  hexagonal  columns  of  the  Torpedo.' 

*  ZOII.  and  ocxix 
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An  animal  must  be  in  communication  with  the  Torpe<lo  by 
twu  distinct  points,  iu  order  to  receive  the  shockJ  If  au  in.-uluted 
frog's  leji,  fij;.  207,  C,  touclies  tlie  Torpedo  by  the  end  of  the  nerve 
only,  nu  iiuisnilar  euntractiuns  ensue  on  tin-  di.scharge  of  the  bat- 
tery; but  a  second  contact  by  a  portion  of  muscle^  or  any  other 
part  of  the  letr.  imniediately  produces  them.^ 

The  dorsal  sui-tace  of  the  electric  organ  is  positive,  the  ven- 
tral surface  negative.  The  Torpedo  has  no  power  of  otherwise 
directing  the  electric  currents ;  but  Matteuoci  found  that  wound- 
in  lt  the  electric  lobes  of  the  brain  sometimes  reversed  the  direc- 
tion.^ These  currents,  besides  their  effects  on  the  living  body, 
exercise  all  the  other  known  powers  of  electricity ;  they  render 
the  needle  magnetic^*  decompose  chemical  compounds,  and  emit 
the  spark.*  The  discharge  of  strong  currents  is  usually  accom- 
panied by  visible  contraction  of  parts  of  the  body»  usually  by  a 
retraction  of  the  eyes  of  the  Torpedo,  and  one  muscle,  fig.  139, 

is  arranged  so  as  to  constrict  part  of  the  circumference  of  each 
battery ;  but  such  consentaneous  nuiseular  action,  though  it  may 
atld  to  the  force  oi  the  discharge,  is  not  essential  to  its  produc- 
tion. The  benumbing  effect  seems  to  be  produced  by  the  rapid 
succession  of  shocks  delivered  by  the  recent  and  vijjorous  fish, 
Mattcucci  ascertained  that,  during  tiie  discharge,  the  nerves  of 
the  organ  were  not  traversed  by  any  electric  current.  Pacini,® 
from  a  minute  comparison  of  the  organs,  deduces  that  the  elec- 
tricity in  the  Torpedo  is  produced  by  the  dynamical  conflict 
between  the  two  polarities  inherent  in  two  sorts  or  different 
degrees  of  innervation,  as  it  is  evolved  in  the  thermo-electnc  pile 
by  the  conflict  of  two  polarities  inherent  in  two  different  degrees 
of  temperature ;  whilst  in  the  Gymnotna  it  is  produced,  as  in 
the  voltaic  pile,  by  the  chemical  conflict  between  the  materials 
of  the  elements  excited  by  the  nervous  influence. 

Humboldt  has  given  a  lively  narrative  of  the  mode  of  capture 

*  When  the  Neapolitan  fishermen  pull  llwir  nets  to  shore,  their  first  act  n?:iiftllj  is 
to  wash  the  captured  fishes  hr  dashing  over  them  bucketfuls  of  sea-water  ;  nnrl  if  a 
Torpedo  be  amon^^t  them  it  makes  ita  presence  instantly  felt  by  the  shock  trau«nutted 
to  the  arm  discharging  the  bucket.  If  the  fish  be  handled,  the  dioek  if  loo  ftroiig 
and  painfiil  to  he  willingly  encoonlcred  a  neoad  tine^  and  dw  arm  eontinnea  long  be- 
numbed. Each  repetition  of  the  discharge,  however,  enfeebles  its  force,  and  tlM 
fnrfnce  of  the  fish  capable  of  coinmutitentinp  the  phork  projrrcssivcly  coiitmcts,  as 
life  departs,  to  the  region  of  the  organs  tli«  mst  lves.  Wlien  the  lisherniau  da»h€S 
the  stream  of  water  over  the  Torpedo,  ihe  electric  cuiTent  passes  up  from  the 
donal  mrface  of  the  batteries  against  the  stream  to  the  man's  hand,  and  the  citde 
is  completed  by  the  earth  extending  from  the  man's  feet  to  the  ventnl  sncfeoe  of  the 
prone  lish. 

*  IJULTtl.  p.  148.  •  lb.  *  LZXXU.  '  LXXVII.  •  CCXTin. 
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of  the  Gymnoti,  employed  bj  the  Indians  of  South  America^'  and 
all  its  circumstances  establish  the  close  general  analogy  between  the 

Gyranotus  and  Tor})(M]o  in  the  vital  phenomena  attending  the  ex- 
ercise of  their  cxtraurdinary  means  of  offence.  It  is  voluntary  and 
exhaustive  of  the  nervou"^  energy;  like  voluntary  muscular  effort, 
it  needs  repose  and  nom  ishment  to  produce  a  fresh  accunndatloii. 

Ill  the  c'xjH  linu  ritii  perlbrmed  by  Profesjior  Faraday  on  a  lai'ge 
living  Gymnotu.s,'  the  most  powerful  shocks  were  received  when 
one  hand  gra^jped  the  head  and  the  other  hand  the  tail,  of  which 
I  had  painful  experience ;  especially  at  the  wrists^  the  elbows, 
and  acn^s  the  back.  But  the  nearer  the  hands  were  together 
within  certain  limits,  the  less  powerful  was  the  shock.  It  was 
demonstrated  by  the  galvanometer  that  the  direction  of  the  elec- 
tric current  was  from  the  anterior  parts  of  the  animal  to  the  pos- 
terior parts,  and  that  the  person  touching  the  fish  with  both  hands 
received  only  the  discharge  of  the  parts  of  the  organs  included 
between  the  points  of  contact.  Needles  were  converted  into 
magnets :  iodine  was  obtained  by  polar  decomposition  of  iodide 
of  potassium ;  and,  availing  himself  of  Ihis  test,  Faraday  showed 
that  any  given  part  of  the  organ  is  negative  to  other  parts  before 
it,  and  positive  to  such  as  arc  l)ehind  it.  Finally,  heal  wim 
evolved,  and  the  electric  spark  obtained.    The  delicate  plates 

*  Thej  ronie  ibe  Gymnoti  by  driving  hones  md  mdM  iBto  tta«  ponds  which  those 
fish  inhabit,  md  htrpoon  them  when  they  have  exhansled  their  electricity  upon  the 
unhappy  qaadnipeds;  *  I  wished/  says  Humboldt,  'that  a  clever  artist  couhl  have 
depicted  the  ino«t  nninint«vl  period  of  the  attack:  the  groaps  of  Indians  siirrouudiug 
the  pond,  the  Lurscs  with  their  manes  erect  and  eyeballs  wild  with  pain  and  fright, 
striving  to  escape  from  the  electric  storm  which  they  had  roased,  and  driven  back  hj 
the  shouts  and  long  whips  of  the  excited  Indians:  the  livid  y^ow  eels,  like  great 
waleT'Snakes,  swimming  near  the  sorftoe  and  pursuing  their  enemy:  all  these  objects 
presented  a  most  picturesque  and  exciting  ensemble.  In  less  than  five  mimitcs  two 
burses  were  killed.  The  eel,  being  more  than  five  feet  in  leni^th,  glides  beneath  the 
body  of  the  horse,  and  discbarges  the  whole  leiigiU  of  its  electric  organ.  It  attacks, 
at  the  same  ttoMb  the  heart,  the  digesUve  Tiscen.  and,  above  all,  the  gastrie  plexns  of 
nerves.  I  thonght  the  scene  would  have  a  tragic  temiinatioii.  and  expected  to  see 
most  of  the  quadrupeds  killed;  but  the  Indians  aBsured  me  the  fishing  would  soon  be 
finished,  and  that  only  the  first  attack  of  the  Gyninoti  was  really  funaiduble.  In  fact, 
after  the  conflict  had  lasted  a  quarter  of  an  hour,  the  mules  and  horses  appeared  less 
alarmed;  they  no  longer  erected  their  manes,  and  their  eyes  expressed  less  pain  and 
terror.  Ono  no  longer  saw  them  strack  down  in  the  water;  and  the  eels,  instead  of 
gwioiinii.g  to  the  attack,  retreated  from  their  assailants,  aiul  appronched  the  s!ioro.* 
The  Indians  now  began  to  nse  their  missiles;  and,  l)y  means  of  the  long  cord  attached 
to  the  harpoon,  jerked  the  fish  oat  of  the  water,  without  receiving  any  shock  so  long 
as  the  cord  was  dry  j  but  a  less  cautious  assailant,  who  had  dimbed  an  overhanging 
bongb.  was  brought  down  into  the  water,  amidst  the  laughter  of  his  companions,  by 
the  shock  sent  upwards  fW>m  the  wounded  Gymnotus,  along  the  wettad  cord  attsched 
to  the  harpoon.   CVIL  p.  95. 


Digitized  by  Goo^^Ic 


AKATOICT  OF  TBBTBBBATB8 


8U0taiiuiig  the  temunal  meahes  of  the  neires  and  veefleb  are  hori- 
zontal m  the  Torpedo;  the  oonne  of  the  electric  current  is 
firom  above  downwarda.  The  oorreeponding  plates  m  the  Gym* 
notus  are  vertical ;  the  direction  of  tiie  electric  curroit  is  from 
before  backwards :  i*  e.  it  is  vertical  to  the  planes  of  the  plates  in 
both  cases. 

The  row  of  compressed  cells  constituting  the  electric  prism  of 
the  Torpedo  offers  some  analogy  to  the  row  of  microscopic  discs 
of  which  the  elementary  muscular  filament  appears  to  coii&ist, 
fig.  12S,  n.  The  looped  tenninution  of  llie  exciting  nerve  is 
common  to  muscular  tissue  and  that  of  the  electric  organ.  The 
electric,  like  the  mijtory  nerves,  rise  irom  the  anterior  myelonal 
tracts ;  and,  though  they  have  a  special  lobe  at  their  origin,  beyond 
that  origin,  in  the  Torpedo,  they  have  no  ganglion.  An  impression 
on  any  part  of  the  body  of  the  Torpedo  is  carried  by  the  sensory 
nerves  either  directlj^  or  through  the  posterior  myelonal  tracts,  to 
the  brain,  excites  there  the  act  of  volition,  wbich  is  convejed 
along  the  electric  nerves  to  the  organs,  and  produces  the  shock : 
in  muscular  contraction,  the  impression  and  volition  take  the  same 
course  to  the  muscular  fibres.  If  the  electric  nerves  are  divided 
at  their  origin  from  the  brain,  the  course  of  the  stimulus  is  inter* 
niptcd,  and  no  irritant  to  the  body  has  any  effect  on  the  electric 
organs  any  more  than  it  would  have  under  the  like  circumstances 
on  the  muscles.  But,  if  the  ends  of  the  nerves  in  connection 
with  the  organ  be  iiritated,  the  discharge  of  electricity  takes  plac«, 
just  as  irritating  the  end  i>f  the  diviiU  d  motor  nerve  in  connection 
with  the  muscle  would  induce  ha  contraction.  If  part  of  the 
electric  nerves  he  left  in  connection  witii  the  brain,  the  stimulus 
of  volition  cannot,  through  these,  excite  the  discharge  of  the 
whole  organ,  but  only  of  that  part  of  the  oigan  to  which  the 
undivided  nerves  are  distributed.  So,  likew^ise,  the  irritation  of 
the  end  of  a  divided  nerve  in  connection  with  the  electric  appa- 
ratus, excites  the  discharge  of  only  that  part  to  which  such  nerve 
is  distributed.  We  have  seen  that  the  power  of  exciting  the 
electric  action,  like  that  of  exciting  the  muscular  contraction^  is 
exhausted  by  exercise  and  recovered  by  repose:  it  is  also  augmented 
by  energetic  circulation  and  respiration ;  and  what  is  more  signi- 
ficative of  their  close  analogy,  both  powers  are  exalted  hj  the 
direct  action,  on  the  nervous  centres,  of  the  drug  *  strychnine : ' 
its  application  causes  simultaneously  a  tetanic  state  of  the  muscles 
(»r  the  fish,  and  a  rapid  succession  of  involuntary  electric  dis- 
charges. ' 

*  1.UTJ1.  p.  16i. 
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DIGEBTIYB  8TSTBlf  OF  HJBXATOCBTA. 

$  69.  Denial  Tmues. —  A  tooih  iB  a  bard  body  attached  to  the 
mouih  or  oommencement  of  the  alimentary  canal,  partaally  exposed, 
when  developed.  Calcified  teeth  are  peculiar  to  the  Vertebrates,  and 
may  be  defined  as  bodies  primarily ^  if  not  pennanently,  distinct  from 
tiie  skeleton,  consisting  of  a  cellular  and  tubular  basis  of  animal 
matter  containing  earthy  particles,  a  fluid,  and  a  vascular  pulp. 

In  general,  the  earth  is  present  in  sucli  liuantity  a.s  to  render 
tlie  tooth  harder  than  bone,  in  which  case  the  animal  ba^is  is  gela- 
tinous, as  in  otlicr  hard  parts  where  a  great  proportion  of  eartli  is 
C(  iiil lined  with  animal  matter.  In  a  very  few  instances,  among  the 
vertebrate  animals,  the  hardenincr  material  exists  in  a  much 
f?maller  pro]»ortion,  and  the  animal  basis  is  albuminous ;  the  teeth 
here  agree,  in  both  chemical  and  physical  quaUties,  with  horn. 

True  teeth  consist  commonly  of  two  or  more  tissues,  character- 
ised by  the  proportions  of  their  earthy  and  animal  constituents, 
and  by  the  size,  form,  and  direction  of  the  cavities  in  the  animal 
basis  which  contain  the  earth,  the  fluid,  or  the  vascular  pulp. 

The  tissue  which  forms  the  body  of  the  tooth  is  called  *  dentine,' 
(ctmhiiifjvi,  Lat;  zahnbem,  zahnaubttanz.  Germ.;  rivaire,  Fr., 
fig.  236,  d). 

The  tissue  which  forms  the  outer  crust  of  tiie  tootii  b  called 
'  cement'  (camefiftmi,  eruiia  pettosa^  Lat,  ib.  e). 

The  third  tissue,  when  present,  is  situated  between  the  dentine 
and  cement,  ami  is  called  'enamel'  {^encaustmn,  adamoR,  La!.,  ib.  e). 

'Dentine'  consists  of  an  organised  animal  husis  hikI  t>i"  earthy 
particles:  the  basis  is  di-jK  -ed  in  the  form  of  compartments  or 
cells,  tig.  237,  and  extremelv  minute  tubes,  ib.  a:  the  earthy 
particles  have  a  twofold  arrangement,  being  either  l)lendc(l  with 
the  animal  matter  of  the  interspaces  and  parietes  of  the  tube?,  or 
contained  in  a  minute  granular  state  in  their  cavities.  The  density 
of  the  dentine  arises  principally  from  the  proportion  of  earth  in 
the  first  of  these  states  of  combination.  The  tubes  contain,  near  tiie 
formative  pulp,  filamentary  processes  of  that  part' ;  and  convey  a 

*  COZLVS.  TOL  iv.  p.  929. 
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cokmrless  fluid,  probably  transiided  'pbsma':  they  thus  rebie 
not  only  to  the  mechanical  eondttioiis  of  the  tooth,  but  to  the 

vitalitv  aiiil  nutrition  of  the  dentine.  This  tlBBae  has  few  OT  no 
caualti  large  enough  to  achnit  capillary  vessels  with  the  red 

particles  of  hlmxl,  and  it  has  been 
therefore  called  *  unva.*cular  dentine.' 

*  Cement '  always  closely  corres- 
ix>nds  in  texture  with  theosseous  tissue 
of  the  same  animal ;  and  wherever 
it  occurs  of  sufHcicnt  thickness,  as 
upon  the  teeth  of  the  honey  sloth,  or 
ruminanty  it  is  also  traTersed,  like 
bone,  by  vascular  canals,  fig*  236,  e- 
When  the  oeseoua  tisBue  ia  excaTated, 
as  in  dentigerous  Vertebrates  above 
fishes,  by  minute  radiated  cells,  ^mn- 
ing  with  their  contents  the  *  oor- 
puflcles  of  Purkinje,*  fig.  15,  these  are 
likewise  present,  of  similar  size  and 
form,  in  the  *  cement/  and  arc  its 
chief  characteristic  as  a  constituent  of 
the  tooth.  The  hardening  material 
of  the  cement  is  partly  segregated 
and  combined  with  the  parietes  of  the 
radiated  cells  and  canals,  and  is  partly 
contained  in  disgregated  granules  in 
the  cells,  which  are  thus  rendered 
white  and  opaque,  viewed  by  reflected 
light.  The  relative  density  of  the 
dentine  and  cement  varies  aooording 
to  Uie  proportion  of  the  earthy  material,  and  chiefly  of  that  part 
which  is  combined  with  the  ammal  matter  in  the  walls  of  the 
cavities,  as  compared  with  the  size  and  number  of  the  oavitiea 
themselves.  In  the  complex  grinders  of  the  elephant,  the  masked 
boar,  and  the  capybara,  the  cement,  which  forms  nearly  half  the 
mass  of  the  tooth,  wears  down  sooner  than  the  dentine. 

The  *  enamel,'  fig.  235,  is  the  hardest  constituent  of  a  tooth, 
and,  eonseijuently,  tlie  hardest  of  animal  tissues;  but  it  consists, 
like  the  other  dental  substances,  of  earthy  matter  arranged  by 
organic  forces  in  an  animal  matrix.  Here,  however,  the  eartli  is 
mainly  contained  in  the  canals  of  the  animal  membrane ;  and,  in 
mammals  and  reptiiefl,  completely  fills  those  canals,  which  are  com- 
{laratively  wide,  whibt  their  parietes  are  of  extreme  tenuity.  The 
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hardening  salts  of  the  enamel  are  not  only  present  in  far  greater 
proportion  than  in  the  other  dental  tissues ;  but,  in  some  awimftla, 
are  peculiarly  distmguished  by  the  presence  of  fluate  of  lime. 

Teeth  vary  in  number,  size,  form,  structure,  modifications  of 
tissue,  position,  and  mode  of  attach- 
ment, in  different  animals.  They 
are  prindpally  adapted  for  seizing, 
tearing,  dividing,  pounding,  or  grind- 
ing  the  food;  in  some  they  are 
modified  to  serve  as  weapons  of 
offence  and  defence;  in  others,  as 
aids  in  locomotion,  means  of  anchor- 
age, instruments  for  uprooting  or 
cutting  down  trees,  or  for  transport 
and  working  of  l)uilding  materials  ; 
they  are  characteristic  of  age  and 
sex ;  and  in  man  they  have  secondary  relations  subservient  to 
beauty  and  to  speech. 

Teeth  are  always  most  intimately  related  to  the  food  and  habits 
of  the  animat^i^d  are  therefore  highly  interesting  to  the  physiol- 
ogist. They  form  for  the  same  reason  most  important  guides  to 
the  naturalist  in  the  classification  of  animals ;  and  their  value,  as 
zoological  characters,  is  enhanced  by  the  facility  with  which,  from 
thdr  position,  they  can  be  examined  in  living  or  recent  animals. 
The  durability  of  iJieir  tissues  renders  them  not  less  available  to 
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the  palaeontologist  in  the  determination  of  the  nature  and  affini- 
ties of  extinct  species,  of  whose  organisation  they  are  often  the 
sole  remains  discoverable  in  the  deposits  of  former  periods  of  the 
earth's  historv. 

The  simplest  modification  of  dentine  is  that  in  whidi  capillary 
tracts  of  the  primitive  vascular,  pulp  remain  uncalcilied,  and  per- 
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Section  of  tooth  of  Cachalot,  half  natnnU 
■tze.  V. 


manently  carry  red  blood  into  the 
substance  of  the  tissue.  These 
so-called  *  medullary  '  or  *  vascu- 
lar' canals  present  various  dis- 
positions in  the  dentine  which 
they  modify,  and  which  is  called 

*  vaso-dentine.'  It  is  often  com- 
bined with  true  dentine  in  the 
same  tooth ;  e.g.  in  the  scalpri- 
form  incisors  of  certain  Rodents,' 
the  tusks  of  the  Elephant,'  the 
molars  of  the  extinct  Megathe- 
rium, fig.  238,  V, 

A  third  kind  of  dentine  is 
where  the  cellular  basis  is  ar- 
ranged in  concentric  layers  around 
the  vascular  canals,  and  contains 

*  radiated  cells '  like  those  of  the 
osseous  tissue  :  it  is  called  *  osteo- 
dcntine,'  fig.  239,  o.  The  transi- 
tion from  dentine  to  vaso-dentine, 
and  from  this  to  osteo-dentine,  is 
gradual,  and  the  resemblance  of 
osteo-dentine  to  true  bone  is  very 
close. 

The  chemical  composition  of 
teeth  is  exemplified  in  the  sub- 
joined analyses  of  those  organs 
and  their  tissues  from  species  of 
the  diflferent  vertebrate  classes :— 
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The  examples  arc  extremely  few,  and  ])eculiar  to  the  class 
T'isceSy  of  calcified  teeth  which  consist  of  a  single  tissue,  and  this  ia 
always  a  modification  of  dentine, 
the  Wrasse  {Labnis)  consist  of 
a  very  hard  kind  of  unvascular 
dentine.  Fig.  240  shows  a  ver- 
tical section  of  one  of  these  teeth, 
supported  upon  the  vascalar 
osseous  tissue  of  the  pharyngeal 
bone :  j9  is  the  pulp  cavity. 

The  next  stage  of  complexity 
18  where  a  portion  of  the  dentine 
18  modified  by  vascular  canals. 
Teeth,  thus  composed  of  dentine 
and  vaso-dentine,  are  Tery  com- 
mon in  fishes.  The  hard  dentine 
is  always  external,  and  holds  the 
place,  and  perfonns  the  office,  of 
enamel  in  the  teeth  of  hijiher 
animals  ;  but  it  is  only  analofi;ou3 
to  enamel,  not  the  same  tissue. 
Fig.  241  exemplifies  this  struc- 
ture in  a  longitudinal  section  of  the  t^)oth  of  a  Shark  {Lamna). 

The  molars  of  the  Dugong  {Ualicore)  are  composed  of  dentine 
and  cement;  the  latter  substance  forming  a  thick  outer  layer, 
fig.  242,  tf. 

In  the  teeth  of  the  Cachalot  {FhyKter)  the  pulp-cavily  of  the 
growing  tooth  .becomes  filled  up  by  osteodentine,  the  result  of  a 
modified  calcification  of  the  dentinal  pulp ;  when  the  tooth  presents 
three  tissues,  as  shown  in  fig.  239,  in  which  c  is  the  tiiick  external 
cement,  d  the  hard  dentine,  and  o  the  osteodentine ;  sometimes 
developed  in  loose  stalactitic-shaped  nodules. 

In  the  teeth  of  the  Sloth,  and  its  great  extinct  congener,  the 
Megatherium,  the  hard  dentine  is  reduced  to  a  tliin  layer,  fiff.  238, 
t,  and  the  chief  bulk  of  the  tooth  is  made  up  of  a  central  hody  of 
vaso-dentlne,  ib.  v.,  and  a  thick  external  crust  of  cement,  ib.  c. 

Besides  the  number  of  constituent  tissues  teeth  become  'complex' 
in  structure  l>y  the  proj)()i-tion  and  disposition,  chiefly  inflection, 
of  more  or  fewer  of  those  tissues. 

Certain  fishes  and  the  extinct  *  Labyrinthodont '  reptiles  ex- 
hibit this  complexity  in  a  remarkable  degree.  In  fig.  243,  the 
tooth  of  the  Labyrinthodon  salamandroides  feebly  indicates  its 
singular  structure  by  the  longitudinal  strias.   But  every  streak  is 
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a  fiflsare,  into  which  a  thin  outer  layer  of  cement,  fig.  244,  c,  is 
reflected  into  the  body  of  the  tooth,  i'ollowinf]r  the  sinuous  wa^nn^s 

of  the  lobes  of  dentine,  r/,  wliich 
diver<:o  fn^m  the  central  pulp-c\avitv',  a. 

The  iiitU'Ctcd  fold  of  cement,  r,  runs 
straight  ior  aliout  liali  a  line,  and  theii 
becomes  wavy,  the  waves  rapidly  in- 
creasing  in  breadth  as  they  recede  from 
the  periphery  of  the  tooth;  the  first  two, 
three,  or  four  unduhitions  are  simple ; 
then    their   contoor  itself  becomes 
broken  by  smaller  or  secondaiy  wayes 
these  become  stronger  as  the  fold  ap> 
proadies  the  centre  of  the  tootfa»  when 
it  increases  in  thickness,  and  finally 
terminates  by  a  slight  dilatation  or 
loop  close  to  the  pulp-cavity,  from 
which  the  free  margin  of  the  inflected 
fold  of  cement  is  8e[)aratod   by  an 
extremely  thin  layer  of  dentine.  The 
iiiiinl)or  of  the  inflected  converpng 
lolds  of  dentine  is  about  fifty  at  the 
middle  of  the  crown  of  the  tooth 
figured,  but  is  greater  at  the  base. 
All  the  inflected  folds  of  cement  at 
the  base  of  the  tooth  have  the  same 
(Lamna),  complicatcd  disposition  with  increased 
extent ;  but,  as  they  approach  their  ter- 
mination towards  the  upper  part  of  the  toothy  they  also  gradually 
dinnnish  In  breadth,  and  consequently  penetrate  to  a  less  distance 
into  the  substance  of  the  tooth.    Hence,  in  such  a  section  as  is 
delineated,  fig.  244,  it  will  be  observed  that  some  of  the  convo- 
luted folds,  as  those  marked  r,  extend  near  to  the  centre  of  the 
tooth ;  others,  as  those  marked  r\  reach  only  about  half  way  to 
the  centre  ;  and  those  folds,  f",  wliich,  to  use  a  gcolof;ical  ex- 
pression, arc  '  ero])|)infr  out,'  penetrate  to  a  very  short  distance 
into  the  dentine,  and  resemble,  in  their  extent  and  sim])licity,  the 
converging  folds  of  cement  in  tlie  fangs  oi  the  tooth  of  the 
Ichthyosaurus  and  Lepidosteus. 

The  disi)OBition  of  the  dentine  is  still  more  complicated  than 
that  of  the  cement*  It  consists  of  a  slender,  central,  conical 
column,  excavated  by  a  conical  pulp-cavity  for  a  certain  distance 
from  the  base  of  the  tooth ;  and  thb  column  sends  radiating  ont- 
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wards,  from  its  circumference,  a  series  of  vertical  plates,  which 
divide  into  two  once  or  twice  before  they  terminate  at  the 
periphery  of  the  tooth. 

Each  of  these  diverging  and  dichotomising  plates  gives  off 
throughout  its  course  smaller  processes,  which  stand  at  right 
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angles,  or  nearly  so,  to  the  main  plate ;  they  are  generally  oppo- 
site, but  sometimes  alternate ;  many  of  the  secondary  plates  or 
processes,  which  are  given  off  near  the  centre  of  the  tooth,  also 
divide  into  two  before  they  terminate ;  and  their  contour  is  seen, 
in  the  transverse  section,  to  partake  of  all  the  undulations  of  the 
folds  of  cement  which  invest  and  divide  the  dentinal  jilates  and 
processes  from  each  other. 

The  dental  pulj)-cavity  is  reduced  to  a  mere  line  about  the 
upper  third  of  the  tooth,  but  throughout  it^  whole  extent  fissures 
radiate  from  it,  corrcs|)onding  in  number  with  the  radiating  plates 
of  dentine.  Each  finsure  is  continued  along  the  middle  of  each 
plate,  dividing  where  this  divides,  and  extending  along  the  middle 
of  each  bifurcation  and  process  to  within  a  short  distance  of  the 
line  of  cement.    The  pulp-fissure  commonly  dilates  into  a  canal 
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at  the  orljrln  of  the  lateral  })roce8SCs  of  the  radiating  plates^  before 
it  divides  to  accompany  and  penetrate  tho^e  processes. 

The  main  iissureB  or  radiatiom 
of  the  pulp-cavity  extend  to  with- 
in a  line  or  half  a  line  <^  the 
periphery  of  the  toothy  and  sad^ 
denly  dilate  at  their  tenninationa 
into  spacesy  which^  in  transrene 
section,  are  Bubcircnhur,  oval,  or 
pyriform,  p :  the  branches  of  the 
radiating  lines,  which  are  conli- 
nued  into  the  lateral  secondary 
])late.s  or  processes  of  the  dentinal 
lamolliP,  likewise  dilate  into  simi- 
lar, and  generally  smaller  spaces. 
All  these  spaces,  or  canals,  in  the 
living  tooth,  nnist  have  been  oc- 
cupied by  corresponding  processes 
of  the  vascular  pulp :  they  consti- 
tute as  many  centres  of  radiation 
of  the  fine  tubes,  which,  with 
their  uniting  clear  substance, 
constitute  the  dentine. ' 

An  analogous  complexity  is 
produced  by  numerous  fissures, 
radiating  from  a  central  mass  of 
vasodentine,  which  more  or  less 
fiUs  up  the  ])ulp  cavity  of  the 
seemingly  simple  conical  teeth, 
fig.  245,  of  the  extinct  *  Dendro- 
dont '  fishes. 

A  portion  of  the  transverse  sectiim,  «,  fig.  245,  magnified, 
fig.  246,  shows  the  fissures  diverging  from  the  imlp-cavity,  />,  and 
its  reticulate  extensions,  and  sending  small  branches  into  the  den- 
tinal lamella;. 

These  lateral  offsets  subdivide  into  a  few  short  ramifications, 
hkc  the  branelies  of  a  shrub,  and  terminate  in  irregular  and 
somewhat  angular  dilatations,  simulating  leaves,  but  which  resolve 
themselves  into  radiating  fasciculi  of  dentinal  tubes.  There  are 
ItLl ^  twenty-five  or  thirty-six  of  these  short  and  smaU 
lateral  branches  on  each  side  of  the  main  rays. 
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A  third  kind  of  complicatioii  is  produced  by  an  aggregation  of 
many  simple  teeth  into  a  single  mass^  fig.  247. 

The  examples  of  these 
truly  compound  teeth  are 
most  common  in  the  chiss 
of  Fishes,  l)ut  the  iUustra- 
tion  here  selected  is  from 
the  Mammalian  chuss. 
Each  tooth  of  the  Cape 
Ant-eater  (  Orycteropug ) 
presents  a  simple  form,  is 
deeply  set  in  the  jaw, 
but  without  dividing  into 
ftngs;  its  broad  and  flat 
base  is  porous,  like  the 
section  of  a  common  cane. 
The  canals  to  which  these 
pores  lead  contain  pro- 
cesses of  a  vascular  pulp, 
and  are  the  centres  of  ra- 
diation of  as  many  independent  series  of  dentinal  tuhules.  Each 
tooth  consists  of  a  congeries  uf  lung  and  slender  prismatic 
columns  of  dentine,  cemented  together  by  their  ossified  capsules. 
Fig.  247  is  f)art  of  a  transverse  section  of  such  compound  toothy 
showing  c  the  cement,  d  the  dentine,  p  the 
pulp-cavity  of  the  denticles,  and  d  a  section 
of  one  of  the  denticles  just  beyond  its  bifur- 
cation. 

In  the  series  of  tissues*  *  cement'  and 
'dentine/  under  its  diverse  modifications^ 
rank  with  osteine.  Enamel  is  a  tissue  per 
9ei  it  might  be  compared  to  calcified  epi- 
derm ;  but*  in  the  teeth  of  Fishes»  there  are 
intermediate  gradations  of  structure  which 
link  enamel  to  dentine,  and  this  to  bone. 

The  general  form  of  the  matrix  or  forma- 
tive organ  of  teeth,  and  the  relative  position  of  the  dentinal  pnlp 
to  its  j)roduct,  bear  a  c  lose  resemblance  to  the  fonuative  organ 
of  hair  and  bristle.  In  these,  however,  the  papilla  or  pulp  is 
developed  from  the  skin,  in  teeth  from  the  mucous  membrane. 

Teeth  further  agree  with  the  extravascular  appendages  of  the 
skin  in  being  shed  and  reproduced,  sometimes  once,  sometimes 
frequently,  during  the  lifetime  of  the  individual    In  some 
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instances,  as  with  certain  demial  ai)pendages,  the  reproduction  of 
the  tooth  is  uninterrupted,  or  continuous.  A  tooth,  when  fully 
formed,  is  subject  to  decay,  but  has  no  inherent  power  of 
reparation. 
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Thus  teeth  are  analogous  to  epidermal  and  homy  parts  in  their 
mode  of  developcment,  in  their  shedding  and  reproduction,  and 
in  their  exposure  to  outward  influences ;  but  the  antlers  of  deer 
are  similarly  exposed,  and  are  likewise  shed  and  renewed,  yet, 
like  the  teeth  and  horn-cores  of  the  ox,  they  are  classed  with 
the  osseous  tissues. 

§  70.  Teeth  of  Fishes. —  In  tliis  class  of  Vertebrates  the  teeth, 
whether  we  study  them  in  regard  to  their  number,  form,  substance, 
structure,  situation,  or  mode  of  attachment,  offer  a  greater  and 
more  striking  series  of  varieties  than  do  those  of  any  other  class 
of  Animals. 

As  to  nuniher,  they  range  from  zero  to  countless  quantities. 
The  Lancelet,  the  Ammocete,  the  Sturgeon,  fig.  125,  22,  32,  the 
Paddle- fish,  and  the  whole  order  LophobranchiiyBre  edentulous. 
The  Myxinoids,  fig.  248,  have  a  single  pointed  tooth,  a,  on  the 
roof  of  the  mouth,  and  two  serrated  dental  plates,  b,  on  the 
tongue.    The  Tench  has  a  single  grinding-tooth  on  the  occiput. 
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%•  250,     opposed  to  two  dentigpoiis  pharyiigeal  jaws,  d,  d, 
below.    In  tiie  Lepidosiren  a  single  maxillary  dental  plate, 
fig.  251,  a,  Ls  op2)08ed  to  a  single  mandibular  one^  b,  and  there  are 
two  small  dentides  on  the  nasal  bone,  e.   In  the  extinot  Sharks 
with  crushing  teeth,  called  Ceratodus  and  CteTiodtis,  the  jaws  were 
armed  with  four  teeth,  two  above  and 
two  below.*    In  the  Chimivnc  two 
mainlibiilar  teeth  are  opposed  to  four 
maxlllarv  teeth. ^  From  this  low  point 
the  number  in  different  Fishes  is  pro- 
gressively multiplied    until,  in  the 
Pike,  the  Siluroids^  fig.  252,  and  many 
other  fishes,   the  mouth  becomes 
crowded  with  innnmerable  teeth. 

With  respect  to  /orin,  I  may  pre- 
mise that  as  oiganised  beings  with- 
draw themselyes  more  and  more,  in 
their  ascent  in  the  scale  life,  from 
the  influence  of  common  physical 
agents,  so  their  parts  j)rogrc88ively 
deviate  from  geometrical  figures:  it 
is  only,  therefore,  in  the  lowest  ver- 

tebratcd  class  that  we  find  teeth  in  the  T»»mm«eUo«of»oott«f  o.t-«F«. 
form  of  perfect  cubes,  and  of  prisms  ^• 
or  plates  with  three  sides  four  sides  ( 'SVr/r?/."?),  five,  or  six 

sides  i^Myliohdtfs,  fig.  249).  Tiic  cone  is  the  most  common  form  iu 
Fishes :  such  teetli  may  be  slender,  sharp- 
pointed,  and  so  minute,  numerous,  aud  closely 
aggregated,  as  to  resemble  the  plush  or  pile 
of  yelvet ;  these  are  called  '  villiform  teeth  * 
(denies  viUiformes,  dents  en  velours^)  \  all  the 
teeth  of  the  Perch  are  of  this  kind :  when  the 
teeth  are  equally  fine  and  numerous^  but 
longer,  they  are  called  '  ciliiform  *  (dente$ 
eUufbrmea) :  when  the  teeth  are  similar  to,  but  Mhof  mtxiim.  zu. 
rather  stronger  than  these,  they  are  called  *  setiform '  (denies  eeti^ 
formes,  dents  en  hrosse):  conical  teeth,  as  close  set  and  sharp 
pointed  as  the  villiform  teeth,  but  of  larger  size,  are  called  *  rasp- 
teeth  '  (^denies  radu/ifanncs,  dents  en  rape  or  en  cardes^  fig.  252)  ; 
the  Pike  presents  such  teeth  on  the  ])aek  ])art  of  the  vomer:  tlie 
teeth  of  the  Sheat-fish  (^Silurus  ylanis)  present  all  the  gradations 

•  T.  pi.  22.  «  V.  pi.  28. 
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between  the  villiform  and  raduliform  types.  Setifonn  teeth 
are  comiuuu  in  the  Fishes  thence  called  Chaetodonts  ;*  in  the 

genus  Citharina  they  bifurcate  at 
their  free  extremities ;  in  the  genus 
riatax  they  end  there  in  three  di- 
verging points,  and  the  cone  licre 
merges  into  the  long  and  slender 
cylinder,  fig.  253. 

Sometimes  the  cone  u  compressed 
into  a  trenchant  blade :  and  this  may 
be  pointed  and  recurved,  as  in  the 
MvercoML ;  or  barbed,  aa  in  TnxMwnUf 
and  some  other  Soomberoida ;  or  it 
may  be  bent  upon  itself,  like  a  tenteihook,  aa  in  the  fiahea  thence 
called  Goniodonta.'  In  the  Bonito  may  he  perceived  a  progreaaiYe 

thickening  of  the  baae  of 
^  the conic^  teeth:  and  this 

being  combined  in  other 
j)redatory  fishes  \vith  in- 
creased size  and  recurved 
direction,  thev  then  resem- 
ble  the  laniary  or  canine 
teeth  of  carnivorous  quad- 
rupeds, as  we  see  in  the 
large  teeth  of  the  Pike,  in 
the  Lophius,  fig.  260,  and 
in  certain  aharka,  fig.  263. 

The  anterior  diveiging 
grappling  teeth  of  the  wolf- 
fiah  form  stronger  oonea; 
blunting,  flattening,  and  ezpanaon  of  the 
apex,  observable  in  different  flahes,  the 
cone  gradually  clianges  to  the  thick  and 
short  cylinder,  such  as  is  seen  in  the  back 
teeth  of  the  wolf-fish,  and  in  similar  grind- 
ing and  crushing  teeth  in  other  genera, 
whether  feeders  on  sea-weeds  or  on  crusta- 
ceous  and  testaceous  animals.   The  grind- 
ing snrfiMse  of  these  short  cylindrical  teeth 
may  be  conyexy  as  in  the  ShecpVhead 
fish  (&i/yiif);  or  flattened,  as  in  the 
pharyngeal  teeth  of  the  Wrasse  (Zadnw,  fig.  254).  Sometimes 
the  hemispheric  teeth  are  so  nnmerous,  and  spread  OTer  so  broad  a 

'  Xoiri},  a  bristle }  o2«i>t,  a  tooth.  *  fwylo,  an  angle  i  odovr,  a  tooth. 
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surface,  as  to  resemble  a  pavement,  as  in  the  pharyngeal  bones  of 
the  Wrasse  or  Rock-fish  (^Labrus,  fig.  254)  ;  or  they  may  be 
so  siiiall,  as  well  as  numerous  {dentes  graniformei)^  as  to  give  a 
granulated  surface  to  the  part  of  the  mouth 
to  which  they  are  attached  (premaxillanes 
of  Cosgyphwiy  A  progressive  increase  of 
the  transverse  over  the  vertical  diameter  may 
be  traced  ia  the  molar  teeth  of  different 
fishes,  and  aometunes  in  those  of  the  same 
indivkliial,  as  in  Labnu^  until  the  cylindrical 
form  ia  exchanged  for  diat  of  the  depressed 
plate.    Snch  dental  j[4atea  {denteg  lameUi» 
formes)  may  be  fonnd,  not  only  drcnlar, 
but  elliptical,  oval,  semilunar,  sigmoid,  ob- 
luiig,  or  even  square,  hexagonal,  pentagonal, 
or  triangular ;  and  the  grinding  surface  may 
j>reyent  various  and  beautiful  kind^  of  sculp- 
turing.   The  broadest  and  thinnest  lamelli- 
fonn  teeth  are  those  that  form  the  comj»lex 
grinding  tubercle  of  tlie  Diodon,  fig.  257, 
b.  The  front  teeth  of  the  Flounder  and  Sargus 
present  the  form  of  compressed  plates,  at 
least  in  the  crown^  and  are  denies  ineisivi.    Numerous  wedge- 
shaped  dental  pUtes  {denies  euneaii)  are  set  vertically  in  the 

M  2M 
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upper  i)haryngcal  bone  of  the  Parrot-fish  (Scams,  fig.  255). 
A  thin  lamella,  slightly  curved  like  a  finger-nail,  is  the  singular 
form  of  tooth  in  an  extinct  genus  of  fishes,  thence  called 
Fetalodus,  Sometimes  the  incisive  form  of  tooth  is  notched 
in  the  middle  of  the  cutting  edge,  as  in  Sargus  unimaculatus. 
Sometimes  the  edge  of  the  crown  is  trilobate  {Aplodacf//lus, 
fig.  256).    Sometimes  it  is  made  qninquelobate  by  a  double 
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notch  on  each  side  of  the  large  middle  lobe  (Boops).    In  tlie 
formidable  iSea-piko  {Sphyr<tna  Barracuda)  the  crowu  of  each 
tooth,  large  and  small,  is  produced  into  a  compressed  and  sharp 
2o6  point,  and  resembles  a  limcet.  Sometimes 

the  edges  of  such  lancetHshaped  teeth  aire 
finelj  serrated^  as  in  Priodon^  and  the  great 
Sharks  of  the  genus  CareharkUf  the  fossil 
teeth  of  which  indicate  a  species  {Careh. 
Mer/nlodon)  sixty  or  seventy  feet  in  length. 

The  laiKH'tted  funn  is  cxcliani^ed  for  the 
stroii;j;or  spear-shaped  tooth  in  the  Sharks 
of  the  trenus  Lamno,  i\<r.  2G() ;  and  in  the 


Boperior  rhu-}  nircAj  imuc*  and 
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alHed  great  extinct  Otodus,  as  in  the  small 
Porbeagle,  similarly  shaped,  but  stronger, 
])iercing  and  cutting  teeth  were  complicated 
by  one  or  more  accessory  compressed  cusps  on 
each  side  of  their  base,  like  the  Malaj  crease. 

With  respect  to  situationt  the  teeth,  in 
Sharks  and  Bays,  are  limited  to  the  bones 
(maxillary  and  mandibular),  which  form  the 
anterior  aperture  of  the  mouth:   in  the 
Carp  and  other  Cvjirinoids  the  teeth  are  confined  to  the  bones 
(pharyngeal  and  ljasiocci])ital)  which  circumscribe  the  postcrit>r 
a])crture  of  the  mouth.    Tlie  Wrasses  (Labrus)  and 
tlie  Parrot-fislies(  .Vr^rw-v)  have  teeth  on  the  pre-max- 
illary  and  pre-mandibular,  as  well  as  on  the  upper 
and  lower  pharyngeals ;   both  the  anterior  and 
posterior  apertures  of  the  mouth  being  thus  pro- 
vided with  instruments  for  seizing,  dividing,  or  com- 
minuting the  food,  the  grinders  being  situated  at 
the  phalanx*   In  most  fishes  teeth  are  developed 
also  in  tiie  intermediate  parts  of  the  oral  cavily, 
as  on  the  palatines,  the  vomer,  the  hjoid  bones, 
the  branchial  arches;  and,  though  less  commonly,  on  the  pte- 

rygoids,  the  entopterygoids  and 
tlic  F])licnoids.  It  is  very  rare  to 
lind  tt'cth  developed  on  the  true 
superior  maxillary  bones;  but  the 
Herring  and  Salmon  tribes,  some 
of  the  Ganoid  Fishes,  and  the 
great  Sudis^  fig.  66,  21,  are  ex- 
amples of  this  approach  to  the 
higher  Vertebrates.  Among  the 
anomalous  positions  of  teeth  may 
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be  cited,  besides  the  nasal  teeth  of  the  Lepidosiren,  fig.  251, 
and  the  occipital  alveolus  of  the  Carp  and  Tench,  fipf.  2o(),  the 
marginal  alveoli  of  the  prolonged,  depressed,  well  ossilied  ro»truni 
of  the  Saw-fish  (^Pristis,  fig.  65).  In  the  Lampreys,  fig.  138,  and 
in  Hclostomus  (an  osseous  fish),  most  of  the  teeth  are  attached  to 
the  lips.  Lastly,  it  is  peculiar  to  the  class  FisceSy  amongst  Verte- 
brates, to  offer  examples 
of  teeth  developed  in  the 
median  line  of  Uie  mouth, 
as  in  the  palate  of  the 
Myzines^  fig.  248,  a; 
or  croesiiig  ti^e  sympliy- 
sis  of  the  jaw»  as  in 
Notidanus,  Sci/mnuSy  and 
MyUobates,  fig.  249. 

Nor  is  the  mode  less 
varied  than  the  place  of 
attachment.  The  teeth 
of  Lophius,  J*<vrilifif 
Anahlepsy  are  always 
moveable.  In  most 
fishes  they  are  aiichy- 
losed  to  tlie  jaws  by  cou- 
tinuouB  ossification  from 
the  base  of  the  dental 
pnlp.  Sometimes  we 
find,  not  the  base,  but 
one  side,  of  the  tooth  anchylosed  to  the  alveolar  border  of  the 
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jaw ;  and  the  teeth  oppose  each  other  by  their  sides  instead 
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Portion  of  the  jsw  of  LophfnB  rl*mtrtrio«,  lOio^rlnir  the  Tlgn- 
meutous  iiliarhuicut  of  liie  tectU.  r. 


of  tlieir  summits  (Scams,  fig.  2.39);  in  Pirnelodtts,  however, 
where  the  teeth  are  thus  attached,  the  crown  is  bent  down 
in  the  upper  teeth,  and  bent  up  in  the  lower  ones,  at  right  angles 

to  the  fang,  so  that  they 
oppose  each  other  by  the 
normal  surfaces.  Certain 
teeth  of  recent  and  fossil 
cartilaginous  fishes  have 
their  base  divided  into 
processes  like  fangs,  but 
these  serve  for  the  attach- 
ment of  ligaments,  and 
are  not  set  in  bony  sockets 
like  the  true  fangs  or 
roots  of  the  teeth  of  Mam* 
mals. 

The  base  of  anchyloscd 
teeth  is,  at  first,  attached 
to  the  jawbone  by  liga- 
ment;  and  in  the  Co<l-fisli,  AVolf-fish,  and  some  other  spe- 
cies, as  calcification  of  the  tooth  progresses  towards  its  base, 
the  subjacent  portion  of  the  jawbone  receives  a  stimulus,  and 

developes  a  process  corres- 
261  ponding  in  size  and  fomi 

with  the  base  of  the  tooth  : 
for  some  time  a  thin  layer 
of  lisramentous  substance 
intervenes,  but  anchylosis 
usually  takes  place  to  a 
greater  or  less  extent  before 
the  tooth  is  shed.  Most  of 
the  teeth  of  the  Lophius  re- 
tain the  primitive  connection ;  the  ligaments,  fig.  260,</,  of  the  large 
internal  or  posterior  teeth  of  the  upper  and  lower  jaws,  radiate  on 
the  corresj)onding  sides  of  the  bone,  the  base  of  the  tooth  resting 
on  a  conformable  alveolar  process.  The  ligaments  do  not  pennit 
the  tooth  to  be  bent  outward  beyond  the  vertical  position,  but 
yield  to  pressure  in  the  contrary  direction,  by  which  the  point  of 
the  tooth  may  be  directed  towards  the  back  of  the  mouth,  as  at  c; 
the  instant,  however,  that  the  pressure  is  remitted,  the  tooth 
returns  through  the  elasticity  of  the  bent  ligaments,  as  by  the 
action  of  a  spring,  into  its  usual  erect  position,  b ;  the  deglutition 
of  the  prey  of  this  voracious  fish  is  thus  facilitated,  and  its  escape 
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prevented.  The  broad  find  p^enerally  bifurcate  bony  base  of  the 
teeth  of  Sharks  is  attached  by  ligament  to  the  semiossified  cnist 
of  the  cartilaginous  jaws,  fig.  263  ;  but  they  haye  no  power  of 
erecting  or  depressing  the  teeth  at  will.  The  small  and  closely 
crowded  teeth  of  Bays  are  also  connected  by  ligaments  to  the 
subjacent  maxillary  and  mandibular  membranes.  The  broad  tes- 
aeli^ed  teeth  of  the  MyUobate$  have  their  attached  surface  longi- 
tudinally grooved  to  afford  them  better  hold-fasty  and  the  sides  of 
the  contiguous  teeth  are  articulated  together  by  serrated  or  finely 
undulating  sutures,  a  structure  unique  in  dental  organisation. 
The  teeth  of  the  Sphyrana  are  examples  of  the  ordinary  im- 
plantation in  sockets,  with  the  addition  of  a  slight  anchylosis  of  the 
base  of  the  fully-formed  tooth  with  the  alveolar  parietes ;  and  the 
cornjjrcssed  rostral  teeth  of  the  Saw-fish,  fig.  65,  are  deeply 
implanted  in  sockets.  In  the  latter  the  hind  margin  of  their  base 
is  grooved,  and  a  corresponding  ridge  from  the  Viaek  part  of  the 
socket  fits  into  the  groove,  and  gives  additional  tixation  to  the 
tooth.  Some  implanted  teeth  in  the  present  class  have  their 
hollow  base  further  suppcnrted,  like  the  claws  of  the  feline  tribe, 
upon  a  bony  process  arising  from  the  base  of  the  socket ;  the  in- 
cisors of  the  Balistes,  e.  g.  afford  an  example  of  this  double  or 
redproosl  gomphosis.^  In  fact,  the  whole  of  this  part  of  the 
organisatbn  of  fishes  is  replete  with  beautiful  instances  of  design 
and  instructiTe  illustrations  of  animal  mechanics.  The  vertical 
section  of  a  pharyngeal  jaw  and  teeth  of  the  Wrasse  {Labrug) 
would  afford  die  architect  a  model  of  a  dome  of  unusual  strength, 
and  so  supported  as  to  relieve  from  pressure  the  floor  of  a  vaulted 
chamber  beneath.  The  base  of  the  dome-shaped  t^th,  fig.  240, 
py  is  slightly  contracted,  and  is  implanted  in  a  shallow  circnlar 
cavity;  the  rounded  margin  of  which  is  adapted  to  a  circular 
groove  in  the  roiitraoted  part  of  the  base ;  the  marrrin  of  the 
tdoth  which  iinnK'diatoly  transmits  tfio  pressure  of  the  l^one^  is 
strengthened  by  an  inwardly  projecting  convex  ridge.  The 
masonry  of  this  inner  buttress^  and  of  the  dome  itself,  is  composed 
of  hollow  columns,  every  one  of  which  is  placed  so  as  best  to 
resist  or  transmit  in  the  due  direction  the  external  pressure^ 
The  floor  of  the  alveolus  is  thus  relieved  from  the  office  of  sus- 
taining the  tooth :  it  forms,  in  fact>  the  roof  of  a  lower  vault,  in 
winch  the  g«rm  of  a  suocessional  tooth,  fig.  261,  6,  is  in  course  of 
developement  The  superincumbent  pressure  is  exclusively 
sustained  by  the  border  of  the  alveolus,  whence  it  is  transferred  to 
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the  walls  dividing  the  vaulted  cavities  containing  tlie  germs  of  the 
new  teeth  ;  the  roofs  of  these  cavities  yield  to  the  absorbent 
process  consequent  on  the  ^n'owth  of  the  new  teeth  without 
materially  weakening  the  attaclmientof  the  old  teeth,  and  without 
the  new  teeth  beinjj  subjected  to  any  pressure  iintil  their  growth 
is  sutiiciently  advanced  to  enable  them  to  bear  it  with  satety ;  by 
this  time  the  sustaining  borders  of  the  old  alveolus  are  under- 
mined, and  the  old  worn-down  tooth  is  shed. 

The  dental  system  of  the  Wolf-fiah  {AmtrrhiehoM  Lupus),  is 
adapted  for  feeding  on  hard  Crustacea  and  testacea.  But,  in 
order  to  secure  the  capture  of  the  shells-fishy  the  teeth  of  the 
Wolf-fish  are  not  all  crushers;  some  present  the  laniary  ^rpe, 
with  the  apices  more  or  less  recurred  and  blunted  hj  use, 
and  consist  of  strong  cones  spread  abroad,  like  grappling-hooks, 
at  the  anterior  part  of  the  mouth.^ 

The  premaxillary  teeth  are  conical,  and  arranged  in  two  rows. 
There  are  tliree  hirge,  strong,  diverging  hmiaries  at  the  anterior 
end  of  each  preniandibular  bone,  and  ininiediately  beliiiid  these 
an  irregular  ninnl)er  of  shorter  and  smaller  conical  teeth,  which 
gradually  exclianLTc  ihi-.  i'nvm  f(»r  tlint  of  large  obtuse  tubercles; 
these  extend  backward,  in  a  double  alternate  series*,  al<jng  a  great 
part  of  tlie  alveolar  border  of  the  bone.  Each  palatine  bono 
supports  a  double  row  of  teeth,  the  outer  ones  being  corneal  and 
straight^  and  from  fi>ur  to  six  in  number ;  the  inner  ones  two, 
three,  or  four  in  number,  and  tuberculate.  Tlio  lower  surface  of 
the  vomer  is  covered  by  a  double  irregularly  alternate  series  of 
the  same  kind  of  large  crushing  teeth  as  those  at  the  middle  of 
the  premandibtdar.  All  the  tee^  are  anchyloeed  to  more  or  less 
developed  alveolar  eminences,  like  the  anterior  teeth  of  the 
Laphius. 

From  the  enormous  developement  of  the  muscles  of  tlie  jaws, 
and  the  strength  of  the  shells  of  the  whelks  and  other  testacea 
whicli  are  cracked  and  crushed  by  the  teeth,  their  fracture  and 
displacement  must  obviously  be  no  unfrequent  occurrence;  and 
most  specimens  of  the  jaws  of  the  Wolf-fish  exldbit  >nmQ  of  the 
teeth  separated  at  the  line  of  anchylosiB,  or  brgkeu  oil  above  the 
base. 

AVith  regard  to  the  substance  of  the  teelii  of  Fishes,  the 
modifications  of  dentine,  called  vaso>dentine  and  osteo-dentine, 
predominate  much  more  than  in  the  higher  Vertebrates,  and  they 
thus  more  closely  resemble  the  bones  which  support  them.  The 
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teeth  of  moBt  of  the  Chrcto<lonta  are  flexible,  elastic,  and  composed 
of  a  yellowish  subtrangparciit  albuminous  tissue  ;  surli,  likewise, 
are  the  labial  teeth  of  the  lielot^tome,  the  ])remaxiilaiy  and 
mandibular  teeth  of  the  Goniodonts,  and  of  the  percoid  genus 
Trichodm,  In  the  Cjclostomes  the  teeth  consist  of  a  denser 
albuminous  substance.  The  upper  pharyngeal  molar  of  the  Carp 
consists  of  a  peculiar  brown  and  scmitransparent  tissue,  hai-dened 
by  salts  of  lime  and  magnesia.  The  teeth  of  the  Fljing-fish 
(ExocatuB)  and  Soddng^fish  {Remora)  consist  of  osteo-denttne. 
In  many  Fishes^  e*  g.  the  AeanthwruB^  Sph^^gna,  and  certain 
Sharks  {Lamna,  fig.  241)9  a  hase,  or  body  of  osteo-dentine,  is 
coated  by  a  layer  of  true  dentine,  but  of  unusual  hardness,  like 
enamel :  in  Prionodon  this  hard  tissue  predominates.  In  the 
Lnhrus  the  pharyngeal  crushing  teeth  consist  whully  of  hard  or 
im\  ascular  dentine,  fig.  240.  In  most  Pycnodonts  aiul  (  't  stra- 
t  hjiit;*,  and  many  otiier  Fishes,  the  body  (»t*  tlio  tootli  consibts  of 
ordinary  uii vascular  dmiiue,  covered  by  a  modification  of  gano- 
dentinc.  In  Sarqns  and  Bnlistes  the  body  of  the  tooth  consists 
of  true  dentine,  and  the  crown  is  covered  by  a  thick  layer  of  a 
denser  tissue,  differing  from  the  '  enamel  ^  of  ]\Iammalia  only  in 
the  more  complicated  and  organised  mode  of  deposition  of  the 
earthy  salts.  The  ossification  of  the  capsule  of  the  complex 
matrix  of  these  teeth  covers  the  enamel  with  a  thin  coating  of 
'  cement*  In  the  pharyngeal  teeth  of  the  Searus  a  fourth  sub- 
stance is  added  by  the  ossification  of  the  base  of  the  pulp  after 
its  summit  and  periphery  have  been  converted  into  hard  dentine ; 
and  the  teeth,  fig.  262,  thus  composed  of  cement,  c,  enamel, 
dentine,  d,  and  osteo-dentine,  are  the  most  complex  in  regard  to 
their  subsUuce  that  have  yet  been  discovered  in  the  animal 
kingdom. 

The  tubes  which  convey  the  capillary  vessels  through  the 
substance  of  tlie  ostco-  and  vaso-dentinc  of  the  teeth  of  Fishes 
were  early  recognised,  on  account  of  their  coin|):!rntively  lurLje 
size;  as  by  Andre,  e.  g.  in  the  teeth  of  Acdiitlnirus,^  and  by 
Cuvier  and  Von  Born  in  the  teeth  of  the  wolf-fish  and  other 
\^8pecie8,  Leeuwenhoek  had  also  detected  the  much  finer  tubes 
of  the  peripheral  dentine  of  the  teeth  of  the  haddock.^  These 
*  dentinal  tubuli  *  are  given  off  from  the  parietes  of  the  vascular 
canals,  and  bend,  divide,  and  subdivide  rapidly  in  the  hard  basis* 
tissue  of  the  interspaces  of  those  canals  in  osteo-dentine;  the 
dentinal  tubuli  alone  are  found  in  true  dentine,  and  they  have  a 

■  CCXLTIL  '  OCXLTIU.,  p.  1003. 
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stimighter  and  more  p«raUel  eouraey  Tuually  at  right  angles  to  tiie 
outer  stufiice  of  the  dentine.  Thoee  conical  teeth  whicfa^  when 
fuUy  formed,  consist  wholly  or  in  great  part  of  osteo-dentine  or 
vaso-dentbe,  always  first  appear  with  an  apex  of  hard  or  tme 
dentine.  In  some  Fishes  the  simple  central  basal  ptdp-caTity  of 
Riich  teeth,  instead  of  breakinj^  up  into  irrejyular  or  parallel 
canals,  sends  out  a  i?erics  of  vertical  plates  iiuin  its  peripherv, 
which,  when  calcified,  g^ivc  a  fluted  character  to  the  base  of  the 
tooth,  e.  jr.  in  Lejiidnstrus  oxi/nrus,^  This  is  the  first  step  in  the 
pattern  of  (  uni]>H(  ation  which  attains  its  T"^'^i"^^'"^  in  Labyrinth- 
odonts  and  Dendrodontw,  tigs.  244,  246. 

Thus,  with  reference  to  the  main  tissue  of  tooth,  we  find  not 
fewer  than  six  leading  modifications  in  Fishes:  hard  or  true 
dentine  {Sparoids,  lAibroids,  Loj)/t?us^  Dalistes,  F^enodonts, 
Priimodom,  Sphyrcsna,  Megalichthysy  RkizoduB,  Diodan,  Scarus)^ 
oeteo^entine  (  Cegtraeum,  Aerodus^  Lepkbmren,  Ctenodua,  Jfybodm, 
J^eoids,  Seiimoids,  Cottoids,  GMoidi,  and  many  others),  vaso* 
deaime(Ftamtiwdu9,  Chim€Broids,IM$Hi,  MyUobaU9\  ptici-dentine 
{Lophius,  Hohptychins,  Lepidosteui  oxyurus,  at  the  base  of  the 
teeth),  labyrintho-dentine  (Lcpidosteus  platyrhinus^  BMrwlepis), 
and  dendro-dentine  {Dendrodus) ;  besides  the  compound  teeth  of 
the  Scarus  and  Diodon, 

One  structural  modilication  may  prevail  in  some  teeth,  another 
in  other  teeth,  of  the  same  fish ;  au^l  two  or  more  modifications 
may  be  present  in  the  same  tooth,  arising  from  changes  in  the 
process  of  calcification  and  a  persistency  of  portions  or  processes 
of  the  primitive  vascular  pulp  or  matrLx  of  the  dentine. 

The  dense  covenng  of  the  beak-like  jaws  of  the  Parrot-fiphes 
(^Searuty  figs.  258, 259)  consists  of  a  stratum  of  prismatic  denticles, 
standing  almost  vertically  to  the  external  surfiuse  of  the  jaw-bone. 
It  is  peculiarly  adapted  to  the  habits  and  exigences  of  a  tribe  of 
Fishes  which  browse  upon  the  lithophytes  that  clothe,  as  with  a 
richly  tinted  carpet,  the  bottom  of  the  sea,  just  as  the  Ruminant 
qna^peds  crop  the  herbage  of  the  dry  land. 

The  irritable  bodies  of  the  gelatinous  polypes  which  constitote 
the  food  of  these  Fishes  retract,  when  toiidied,  into  their  star* 
shaped  stony  shells,  and  the  Scan  consequently  require  a  dental 
apparatus  strong  enough  to  break  off  or  scoop  ont  these  calcareous 
reco^ses.  The  jaws  are,  therefore,  prominent,  short,  and  stout, 
and  Liie  exj[)osed  jxjrtions  oi  tiie  premaxiliai*ici>  and  premaudibulars 

*  Wjrmaii,  American  Joamal  of  Natand  Sctenee^  Oct.  IS48.   CtiTier  has  gim 

nn  accurate  view  of  the  phiitirl  .structure  of  the  base  of  the  WoIf>iilh*e  teeth  10  pL  8S, 
fig.  7»  of  bis  LcfO&»  U'Anatomie  Contpar^e,  1805. 
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are  encased  by  the  above-described  complicated  dental  coverin^^. 
The  polypes  and  their  cells  are  reduced  to  a  jiulj)  by  tho  notion  of 
the  pharyngeal  jaws  and  teeth,  that  close  the  posterior  aperture  of 
the  mouth.  The  superior  dcntigerous  pharyngeals,  fig,  255,  present 
the  form  of  an  elongated,  yeiticals  inequilateral,  triangular  plate : 
the  upper  and  anterior  margin  forms  a  thickened  articular  surface, 
convex  6t»n  side  to  side,  and  playing  in  a  corresponding  groove  or 
ooncayity  upon  the  base  of  the  skull ;  the  inferior  boondary  of  the 
triangle  is  the  longest,  and  also  the  broadest;  it  is  convex  in  the 
antero-posterior  direction,  and  fiat  from  side  to  side.  On  this 
surface  the  teeth  are  implanted,  and  in  most  species  they  form 
two  rows :  the  outer  one  consisting  of  very  small,  the  inner  one 
of  large,  ^ntal  plates,  whidi  are  set  neiurly  transversely  across 
the  lower  surface  of  the  upper  pharyngeal  bones  and  teeth, 
in  cloac  apposition,  one  behind  the  oilier :  their  internal  angles 
are  produced  beyond  the  marpn  of  the  bone,  and  interlock  with 
tliosc  of  the  adjniiHHg  bone  when  the  pharyngeals  are  in 
their  natural  position;  the  smaller  denticles  of  the  outer  row 
are  set  in  the  external  interspaces  of  those  of  the  inner  row. 
The  single  inferior  pharyngeal  bone  consist*  principally  of  an 
oblong  dentigerous  plate,^  supported  by  a  stroi^,  slightly  curved, 
transverse,  osseous  bar,  the  extremities  of  which  expand  into  thick 
obtuse  processes  finr  the  implantation  of  the  triturating  muscles. 
A  longitudinal  row  of  small  oval  teeth  alternating  with  the 
large  lamelliform  teeth,  like  those  of  the  superior  pharyngeals, 
bounds  the  dentigerous  plate  on  each  side ;  the  intermediate  space 
is  occupied  exclusively  by  the  larger  wedge-shaped  teetli,  set 
vertically  in  the  bone,  and  arranged  transversely  in  alternate  and 
pretty  close-set  series. 

The  dental  plates  are  developed  in  wide  and  deep  cavities  in 
the  substance  of  the  posterior  part  of  the  lower,  and  t)f  the  ante- 
rior part  of  the  upper  pharynpreal  bones.  The  teeth  exhibit 
progressive  stages  of  tonnatitiii  as  they  ap])roach  those  in  use ;  and, 
ns  their  formation  advances  to  completion  they  become  soldered 
together  by  ossification  of  their  respective  capsules  into  one  com- 
pound tooth,  which  soon  becomes  anchylosed  by  ogsification  of  the 
dentinal  pulp  to  the  pharyngeal  bone  itself. 

In  the  dentine  0£  the  pharyngeal  teeth  of  the  Scams  the 
dentinal  tubes  average  a  diameter  of  tootv  ^  ^ 
separated  by  interspaces  equal  to  twice  their  own  diameter.  The 
course  of  these  tubes  is  shown  in  fig.  262,    in  which  they  are 

1  V.  pL  51,  fig.  a. 
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exposed  by  a  vertical  section  through  the  middle  of  two  of 
tlie  superior  denticles.  Each  tube  is  minutely  undulated : 
it  dichotomises  tliree  or  four  times  near  its  termination,  sends 
oft'  many  fine  lateral  branches  into  the  clear  unitinj;  sub- 
stance, and  finally  terminates  in  a  series  of  minute  cells  and 
inosculating  loi^ps  at  the  line  of  junction  with  the  enameL 
This  substance,  fig.  262,  e,  is  as  thick  as  the  dentine,  and 
consists  of  a  similar  combination  of  minute  tubes  and  a  clear 
connecting  substance.  The  tubes  may  be  described  as  com- 
mencing from  the  peripheral  surface  of  the  tooth  to  which  they 

2C2 


T*o  of  the  nppor  i»liarynfc.il  tcfth  (Sr.trrA   maen.  r. 

Stand  at  right  angles,  and,  having  proceeded  parallel  to  each  other 
halfway  towards  the  dentine,  they  then  begin  to  divide  and  sub- 
divide, the  branches  crossing  each  other  obliquely,  and  finally 
terminating  in  the  cellular  boundary  between  the  enamel  and 
dentine. 

In  the  progress  of  attrition,  the  thin  coat  of  cement  resulting 
from  the  ossification  of  the  capsule  is  first  removed  from  the  apex 
of  the  tooth,  then  the  enamel  constituting  that  a]>ex,  next  the 
dentine,  and,  finally,  the  coarse  central  cellular  bone,  sup|>orting 
the  hollow  tooth :  and  thus  is  produced  a  triturating  surface  of 
four  substances  of  different  degrees  of  dcnsilv.     The  enamel. 
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being  the  hardest  element,  appears  in  the  form  of  ellipfaeal  trans- 
verse ridges,  inclosing  the  dentine  and  central  bone  :  and  external 
to  the  enamel  is  the  cement^  c,  which  binds  together  the  different 
denticles. 

There  is  a  close  analojzv  l)etwcon  the  dental  nia-^s  of  the  Scarns 
and  the  complicated  grinders  of  the  Kh  jiliant,  buth  in  form, 
structure,  and  in  the  reproduction  of  the  component  denticles  in 
horizontal  auocession.  But  in  the  fish  the  complexity  of  the 
triturating  surface  is  greater  than  in  the  mammal,  since,  from  the 
mode  in  which  the  wedge-shaped  denticles  of  the  Scarus  are 
implanted  upon»  and  anchyloeed  to,  the  processes  of  the  supporting 
bone,  this  likewise  enters  into  the  formation  of  the  masticatory 
surface  when  the  tooth  is  worn  down  to  a  certain  point. 

The  proof  of  the  efficacy  of  the  complex  masticatory  apparatus 
above  described  is  afforded  by  the  contents  of  the  alimentary 
canal  of  the  Scan.  The  intestines  are  usually  laden  with  a  chalky 
pulp,  to  which  the  coral  dwellings  have  been  reduced. 

Dev elopement,—  As  miirlit  be  supposed,  by  the  above-defined 
varied  and  predominating  vascniar  organisation  in  the  teeth  of 
Fishes,  and  the  passage  from  non-vascular  dentine  to  vascniar 
dentine  in  the  same  tooth,  the  developeinent  oi'  dentine  by  centri- 
petal metamorphosis  and  ealeifteation  of  the  pulp  was  determined 
by  observations  made  on  the  devclopemeut  of  the  teeth  in  the 
present  class.' 

It  is  interesting  to  observe  in  it  the  process  arrested  at  each  of 
the  well-marked  stages  through  which  the  developement  of  a 
Mammalian  tooth  passes.  In  all  Fishes  the  first  step  is  the  simple 
production  of  a  soft  vascular  papilla  from  the  free  surface  of  the 
buccal  membrane :  in  Sharks  and  Rays  these  papillas,  fig,  882, 
do  not  proceed  to  sudc  into  the  substance  of  the  gum,  but  are 
covered  b)  caps  of  an  opposite  free  fold  of  the  buccal  membrane : 
these  caps  do  not  contract  any  organic  connection  witii  the  papilli-> 
form  matrix,  but,  as  this  is  converted  into  dental  tissue,  ib.  b,  the 
tooth  is  gradually  withdrawn  from  the  extraneous  protecting  cap, 
to  take  its  place  and  assume  the  erect  position  on  the  margin  of 
the  jaw,  fig.  26.^,  a.    Here,  therefore,  is  represented  the  first  and 
transitory  'papillary'  stage  of  dental  developement  in  Mammals: 
and  the  simple  crc^contic  eartilai^inons  maxillary  plate,  d,  with 
the  open  groove  beiiind  containing  the  germinal  papilla;  of  the 
teeth,  otibrs  in  the  Shark  a  magnified  representation  of  the  earliest 
condition  of  the  jaws  and  teeth  in  the  hum  hi  embryo. 

In  many  Fishes,  e.  g.  Lophius,  Eaox,  the  dental  papillce  become 

*  Lxxxix.  p.  764* 
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buried  in  the  membrane  from  which  they  rise,  and  ibe  sorfiuM 
to  which  their  bosiB  is  attached  becomes  the  bottom  of  a 

closed  sac:  but  ihiB  sac 

does  not  become  inclosed  in 
the  substance  of  the  jaw  ; 
so  that  teeth  at  different 
stages    of     growth  are 
broiiiirht    awav    with  the 
thick  and  soft  gum,  when 
it   ia   stripped   from  the 
jaw-bone.    The  final  fixa- 
tion of  teeth,  so  formed, 
is  effected  by  the  develope- 
ment  of  ligiimentous  fibres 
in  the  submucous  tissue  be- 
tween the  jaw  and  liie  base 
of  the  tooth,  which  fibres 
become  the  medium  of  con- 
nection between  those  parts, 
either  as  elastic  ligaments 
or  by  continuous  ossifica- 
tion.    Here,  tlierefore,  is 
represented  the  '  follicular  ' 
stage  of  the  developenient 
of  a    IManuualian    tooth  : 
but  the  *  eruptive  *  stage 
takes  place  without  prc- 
Tious  inclosure  of  the  follicle  and  matrix  in  the  substance  of  the 
jaw-bone. 

In  Balistes,  Scarus,  l^hyrmna^  the  Sparoids,  and  many  other 
Fishes,  the  formation  of  the  teeth  presents  all  the  usual  stages 
which  have  been  obseryed  to  succeed  each  other  in  the  dentition 
of  the  higher  Vertebrates :  the  papilla  sinks  into  a  folHde,  becomes 
surrounded  by  a  capsule,  and  is  then  included  within  a  closed 
alveolus  of  the  growing  jaw,  figs.  259,  261,  c,  where  the  deyelope- 
ment  of  the  tooth  takes  place  and  is  followed  by  the  usual  eruptive 
stages.  A  distinct  enamel-])ulp  is  developed  from  the  inner 
surface  of  the  capsule  in  Balistes,  Scarus,  Sargus^  and  Chryso^ 
jjhri/s. 

In  tlie  formidable  Barracuda  (^Sphyrctna)  the  loss  or  fracture  of 
the  lancet-shaped  teeth,  in  the  conflict  with  a  struggling  j)rey,  is 
repaired  by  an  uninterrupted  succession  of  new  pulps  and  teeth. 
The  existence  of  these  is  indicated  by  the  foramina,  which  are 


Digitized  by  Googlc 


268 


Tarttotf ■•cUop of j»w MUtflitfMm). 


TEETH  OF  FISHES. 


38S 


feitiiated  immediately  posterior  to,  or  on  the  inner  margin  of,  the 
sockets  of  the  teeth  in  place :  these  foramina  lead  to  alveoli  of 
reserye,  in  which  the  crowns  of  the  new  teeth,  in  different  stages 

of  develo})emcnt,  arc  loosely  embedded.  It  is  in  this  position  of 
the  germs  of  the  teeth  that  the  8ph)  rxnold  iislics,  both  recent 
and  fossil,  nminly  differ,  as  to  their  dental  characters,  from  the  rest 
of  the  Scomberoid  family. 

It  is  iTiterestinsr  to  olv-erve  that  the  alternate  teetli  are,  in 
general,  contemporaneously  shed:  so  that  the  maxillary  armour  is 
thus  preserved  in  an  eftbctive  state.  The  relative  position  of 
the  new  teeth  to  their  predecessors,  and  their  influence  upon 
them,  resembles,  in  the  Sphyrcsnay  some  of  the  phenomena  which 
will  be  described  in  the  dentition  of  the  Crocodilian  Beptiles. 
To  the  Crocodiles  the  present  voracious  Fish  also  approximates  in 
the  alveolar  lodgement  of  the  teeth :  hnt  it  manifests  its  ichthyic 
character  in  the  anchylosis  of  the  fullj-deyeloped  teeth  to  their 
sockets,  and  still  more  strikingly  in  the  intimate  structure  of  the 
teeth. 

In  all  Fishes  the  teeth  are  shed  and  renewed,  not  once  only,  as 

in  Mammals,  but  frequently,  during  the  whole  course  of  their 
lives.  The  maxilhiry  dental  plates  of  Lcpidosiren^  the  cylindrical 
dental  masscfj  of  the  Chimaeroid  and  Edaphudont  Fishes,  and  the 
rostral  teeth  of  Pristis  (if  these  niuJified  dermal  spines  mav  he  so 
called),  are,  perhaps,  the  sole  examples  of  *  permanent  teeth  *  to 
be  met  witli  in  the  whole  class. 

When  the  teeth  are  developed  in  alveolar  cavities,  they  are 
usually  succeeded  by  others  in  the  vertical  direction,  as  in  the 
pharyngeal  bones  of  the  Lahroids,  fig.  261 :  but  sometimes 
they  follow  one  after  ^  the  other,  side  by  side,  as  in  the  Scaroids, 
fig.  259,  c.  In  Reptiles  and  Mammals  the  successional  teeth 
owe  the  origin  of  their  matrix  to  the  budding  out  from  the  cap- 
sule of  their  predecessors  of  a  ciecal  process,  in  which  the 
papillary  rudiment  of  the  dentinal  pulp  ts  developed;  but,  in 
the  great  majority  of  Fishes,  the  germs  of  the  new  teeth  are 
developed,  like  those  of  the  old,  from  ihe  free  surface  of  the 
buccal  membrane  throughout  the  entire  period  of  succession : 
a  circumstance  peculiar  to  the  present  class.  The  Angler,  the 
Pike,  and  most  of  our  common  Fishes,  illustrate  this  mode  of 
tic  iital  reproduction;  it  is  very  conspicuous  in  the  cartilafrinous 
Fishes,  figs.  263  and  264,  in  which  the  whole  phalanx  oi"  their 
numerous  teeth  is  ever  marching  slowly  forwards  in  rotatory 
progress  over  tiie  alveolar  border  of  the  jaw,  the  teeth  being 
successively  cast  oil'  as  they  reach  the  outer  margin,  and  new 
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teeth  rising  from  the  mucuous  membrane  behind  the  rear  rank  of 
the  phalanx. 

This  endless  succession  and  decadence  of  the  teeth,  together 
with  the  vast  numbers  in  which  they  often  coexist  in  the  same 


264 


Skall  and  jaws  of  Port  Jackton  Sbork  (Ccrtmelon  Philippii),  abowlDg  the  fomis  and  arrangement  ot 

the  teeth.  V. 

Fish,  illustrate  the  law  of  Vegetative  or  Irrelative  Repetition,'  as 
it  manifests  itself  on  the  first  introduction  of  new  organs  in  the 
Animal  Kingdom,  under  which  light  we  must  view  the  above- 
described  organised  and  calcified  preparatory  instruments  of 
difirestion  in  the  lowest  class  of  the  vertebrate  series. 

At  the  extreme  limit  of  the  class  of  Fishes,  and  connectincr 
that  class  with  the  Reptiles,  stands  the  very  remarkable  genus, 
the  dental  system  of  which  is  figured  in  cut  251.  This  consists 
of  two  small,  slender,  conical,  sharjvpointed,  and  slightly  recurved 
teeth,  which  project  downward  from  the  nasal  bone,  c,  and  of 
strong  trenchant  dental  plates,  anchylosed  with  the  alveolar  border 
of  the  upper,  a,  and  lower,  b,  jaws,  in  each  of  which  the  plate 
is  divided  at  the  middle,  or  symphysial  line,  so  as  to  form  two 
distinct  lateral  teeth.  The  office  of  the  two  laniariform  teeth  is 
to  pierce  and  retain  the  nutritive  substance  or  prey  which  is 
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afterwards  divided  and  oonuninnted  hj  the  atrong  maxillary 
dental  plates. 

{  71.  Teeth  of  Reptiles. —  If  we  compare  the  dental  system 
of  LepidoMiren  with  that  in  Batrachiay  it  is  to  the  larral  state 
of  the  Anourans  that  an  analogy  may  be  found :  the  tadpole  of 
the  Frog  having  its  maxilla  and  mandibula  each  sheathed  with  a 

coiitiuuoiis  horny  trenchant  covering.  Were  this  sheath  actually 
dentinal  in  tissue  and  united  to  the  jaw-bone,  the  resemblance  to 
the  Lej/idosuLH  would  be  closer :  but  it  is  never  calcified,  and  is 
shed  during  the  |)roii:rrss  of  the  metamorphosis.'  Tlie  Sireii 
alone,  among  the  percunibranchiates,  retains  the  sheath  upon 
the  extremity  of  the  upper  and  lower  jaws ;  it  consists  of  a  firm 
albuminous  tissue,  and  becomes  harder  than  horn.  But  these 
trenchant  mandibles,  which  play  upon  one  another  like  the  blades 
of  a  pair  of  curved  scissors,  are  associated  with  numerous  small 
but  distinct  true  teeth>  which  are  grouped  together  to  form  a 
rasp-like  sur&ce  on  each  half  of  the  divided  vomer,  and  which 
beset  the  alveolar  border  of  the  splenial  element  of  the  mandible 
below. 

The  whole  order  of  Chelonia  is  edentulous,  as  well  as  the  family 
of  Toads  (Bufonida)  in  the  order  Batrachia;  certain  extinct 
genera  of  Saurians  were  likewise  edentuioua,  e.  g.  Rhynchosaurus 
and  Oudenodnn,^ 

In  the  tortoises  and  Turtles  the  jaws  are  covered  bv  a  sheath 
of  horn,  which  in  some  speeies  is  very  dense;  its  working  surface 
IS  ticiichant  in  the  carnivorous  species,  but  is  thick,  variously 
sculptured,  and  adai)ted  for  both  cutting  and  bruising  in  the 
vegetable  feeders.  The  developement  of  the  continuous  horny 
maxillary  sheath  conrnnences,  as  in  the  Parrot  tt  ibe,  from  a 
series  of  distinct  papilla;,  which  sink  into  alveolar  cavities, 
regularly  arranged  (in  Trionyx)  along  the  margins  of  the  upper 
and  lower  jaw-bones :  these  alveoli  are  indicnted  by  the  persist- 
ence of  vascular  canab  long  after  the  originally  separate  tooth- 
like cones  have  become  confluent,  and  the  homy  sheath  com- 
pleted. 

The  teeth  of  the  dentigerous  Saurian,  Ophidian,  and  Batrachian 
Beptiles  are,  for  the  most  part,  simple  and  adapted  for  seizing 
and  holding,  but  not  for  dividing  or  masticating,  their  food.  The 
Siren  alone  combines  true  teeth  with  a  homy  maxillary  trenchant 

sheath,  like  that  of  the  Clicluniau  Keptiles. 

*  Tkb  large  dental  i)Iate8  of  LcpUloairen  have  their  IMHWt  homologlies  i&  tfaOM  of 
the  extinct  fish  culled  Ceratodus  (T,  pL  22,  fig.  2). 

ccxuii.  p.  54,  pU  X.  fig.  1. 
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With  respect  to  number,  in  no  exifltiiig  Beptiie  are  the  teeth 
reduced  so  low  as  in  certain  Manunals  and  Fishes ;  nor>  on  ihe 
other  hand,  are  they  ever  so  multiplied  as  in  many  of  the  latter 
class.  Myobairaehus  paradoxus,  an  Australian  Frog,  has  hut  two 
teeth  in  the  prcmaxillary  hones.  The  extinct  Dic3modont  Reptiles 
of  South  Africa  had  two  long  tusks  implanted  in  the  upper  jaw, 
fi«i;.  271.*  Some  sj>ecies  of  Amphisbama  (^A.  albd)^  with  fifteen 
teeth  in  the  iqtper  j;i\v  aud  fourteen  in  the  lower  jaw,  and  certain 
Monitors  (  \  aranns  ),  witli  nixtcen  teeth  in  the  ujiper  and  fourteen 
in  the  lower  jaw  i  x* mplify  a  low  number  of  teeth  amongst 
existing  Keptile.s  ;  and  certain  Batnichians,  with  teeth  *  en  cardes ' 
at  the  roof  of  the  mouth,  or  which  have  upwards  of  eighty  teeth 
in  each  lateral  maxillary  series,  present  the  opposite  extreme. 
Barely,  however,  is  the  numher  of  the  teeth  so  fixed  and 
determinate  in  any  Keptile  as  to  be  characteristic  of  the 
species,  and  stall  more  nu^y  have  the  individual  teeth  such  cha- 
racters as  to  be  detemuned  homologically  from  one  species  to 
another. 

With  respect  to  niuaiian,  the  teeth  may  be  present  on  the  jaws 
only,  i.  e.  the  maxillary,  the  prenuudllary,  and  mandibular  bones, 

as  in  the  Crocodiles,  fig.  95,  and  many  Lizards:  or  upon  the  jaws 
and  roof  of  the  mouth  :  and  here  either  upon  the  pterygoid  bones, 
as  in  the  Iguana,  fig.  98,  D,  21,  and  Mo^iasaur ;  or  upon  both 
palatine  and  pterygoid  bones,  in  most  Serpents,  fig.  266,  20,  24  ; 
or  ui>on  the  vomer,  as  in  mostBatrachians,  fio".  265,  /;  or  upon  both 
vomerint*  and  ]>tervsroid  bones,  as  in  tin-  Axoloti :  or  upon  the 
vomerine  and  spiiermid  bones,  as  in  Salamandra  f/lutinosa.  With 
respect  to  the  marginal  or  jaw  teeth,  these  may  be  absent  in  the 
prcmaxillary  bones,  as  in  many  Serpents,  fig.  266,  as:  or  they 
may  be  present  in  the  upper  and  not  in  the  lower  jaw,  as  in  most 
Frogs:  or  in  both  upper  and  lower  jaws,  as  in  the  tailed 
Batrachians :  and  among  these  they  may  he  supported,  upon  the 
lower  jaw,  by  the  premandibular  or  dentary  piece,  as  in  the 
Salamanders,  Menopome,  Amphiume,  Proteus:  or  upon  the 
splenial  piece,  as  in  the  Siren:  or  upon  both  splenial  and  pre- 
mandibular bones,  as  in  the  AxolotL  The  palatine  and  ])terygoid 
teeth  may,  in  the  Batrachians,  be  arranged  in  several  rows,  like 
the  *  dentd  en  cardes'  of  Fishes.  The  sphenoid  and  splenial  teeth 
arc  always  so  arranged  iu  the  few  species  that  possess  them.  The 
intei maxillary,  maxillary,  and  premandibular  teeth  are  unisonal, 
or  iu  one  row,  with  the  exception  of  the  Csccilia  and  the  extinct 

*  CLTXii.  rol.  Tii.  p.  59. 
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Labyriuthodonta,  wliicli  have  a  double  row  of  teeth  at  the  anterior 
part  of  the  lower  jaw. 

The  teeth  of  ReptileB^  with  few  ezceptioiiBy  present  a  simple 
conioal  /onn»  with  the  crown  more  or  less  curved,  and  the  apex 
more  or  less  acute.  The  cone  varies  in  length  and  thickness ;  its 
tmnBTeise  section  is  sometimes  circohur,  but  more  commonly 
elliptical  or  oyal :  and  this  modification  of  the  cone  may  be  traced 
through  every  gradation^  £rom  the  thick,  round,  canine-like  tooth 
of  the  Crocodile  to  the  Babre-«liaped  fang  of  the  Yaranus,  the 
Megalosaur,  and  the  Cladeiodon.^  Sometimes,  as  in  the  fully 
formed  teeth  of  the  Megalosaur,  one  of  the  margins  of  the  com- 
pressed crown  of  the  tooth  is  trenchant,  soraetirnes  both  are  so; 
and  these  may  l)c  simply  sharp-edged,  as  in  the  Varaim^  of  Timur, 
or  finely  .serrated,  as  in  the  great  Varanus,  the  Cladciodon,  and 
the  Megalosaur.* 

The  outer  surface  of  tlie  crown  of  tlie  tooth  is  usuaily  smooth ; 
it  may  be  polished,  as  in  the  Leiodon,  or  impressed  with  fine 
lines,  as  in  the  Labyrinthodon,  fig.  243,  or  raised  into  many 
narrow  ridges,  as  in  the  Pleiosaur  and  Polyptychodr»n,  or 
broken  by  a  few  broad  ridges,  as  in  the  Iguanodon,  fig.  273,  or 
grooved  by  a  single  longitudinal  fiiirowy  as  in  some  Serpents, 
fig.  269,  c* 

The  cone  is  longest  and  its  summit  sharpest  in  the  Serpents: 
from  these  may  be  traced,  chiefly  in  the  Lizard  tribe,  a  pro- 
gressive shortening,  expansion  of  the  base,  and  blunting  of 
the  apex  of  the  tooth,  until  the  cone  is  reduced  to  a  hemi- 
spherical tubercle,  or  plate,  as  in  Cyelodus,  fig.  272,  and,  in  a  more 
remarkable  degree,  in  the  extinct  shellfish-eating  Saurian,  called 
jPlacodus,* 

In  the  Pleiosanr  the  dental  cone  is  three-sided,  with  one  of  the 
angles  rouinlctl  off.  The  posterior  subconipressed  teeth  of  the 
Alligatur,  tig.  275,  yiresent  a  new  modification  of  form ;  here  they 
terminate  in  a  mamniiiiatc  summit,  supported  by  a  slightly  con- 
stricted neck.  In  the  tooth  of  the  Hylaeosaur  the  exj>anded 
summit  is  flattened,  bent,  and  spear-shaped,  with  the  edges 
blunted.  But  the  expansion  of  the  crown  is  greatest  in  the 
subcompressed  teeth  of  the  extinct  Cardiodon  and  the  existing 
Iguanas,  the  teeth  of  which  are  further  com]^Iicated  by  having 
the  margins  notched.  The  great  Iguanodon  had  the  crown  of 
the  tooth  expanded  both  in  length  and  breadth,  and  combining 

'  V.  pL  69  A,  fig.  4.  *  lb.  pi.  6A.   ool,  toI.  if.  figt.  S09,  Sia 

*  lb.  ilg.  6c.  *  oxuu.  p.  169. 
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nuu^ginal  dentatioiiB  with  longitudinal  ridges:  this  tooth,  fig.  273, 
presents  the  most  complicated  external  foxm  as  jet  discovered  in 
the  class  of  Reptiles. 

In  no  Reptile  does  the  hase  of  the  tooth  ever  branch  into  fangs. 

Attachment — As  a  general  rule»  the  teeth  of  Reptiles  are 
anchylosed  to  the  bone  which  supports  them.  When  tiiey  con- 
tinue distinct,  they  may  be  lodged  ^ther  in  a  continuous  groove, 
as  in  the  Ichthyosaur,*  or  in  separate  sockets,  as  in  the  Plesiosaur 
and  Cro(*0(Uli:ins,  fig.  275.  The  base  of  the  tooth  aiichylused 
to  the  wall  of"  a  moderately  deep  socket  in  the  extinct  Megalosaur 
and  Thecodon.  In  the  Labyriuthoduiits  and  Coeciliae,  ainoiii:  The 
.l>atracliians,  in  most  Opliidians,  and  in  the  Geckos,  Aganiians, 
and  VaranianSj  among  the  Saurians,  the  ba«e  of  the  tooth  is 
imbedded  in  a  shallow  socket,  and  is  confluent  therewith. 

In  the  Scincoidsy  the  Safeguards  (  T^us)^  in  most  Iguanians^  in 
the  Chameleons  and  many  Lacertian  reptiles,  the  tooth  is  anchy- 
losed by  an  oblique  surface  extending  firom  the  base  more  or  less 
upon  the  outer  side  of  the  crown  to  an  external  aLveolar  plate  of 
bone»'  the  inner  alveolar  plate  not  being  developed.  In  the  Frogs 
the  teeth  are  similarly  but  less  firmly  attached  to  an  external 
parapet  of  bone.  The  Lizards  which  have  their  teeth  thus 
attached  to  the  side  of  the  jaw  are  termed  *  Pleurodonts.'  In  a 
few  Iguanians,  as  the  Istiures  and  Rhynchocephalus,  the  teeth  are 
soldered  to  the  margins  of  the  jaws ;  and  iu  some  large  extinct 
Lacertians,  e.  g.  the  Mosasaur  and  Leiodon,  each  tooth  is  fixed 
upon  a  conical  process  of  the  alveolar  border:  Uiese  Sauria  arc 
tcriiH  il  *Acrodonts.' 

JSuch  modifications  of  the  attaclnnt'iit  of  the  teeth  of  Reptiles 
are  adapted  to  the  habits  and  food  of  the  species ;  and  they  likewise 
offer  an  analogy  to  some  of  the  transitory  conditions  of  the  human 
teeth.  There  is  a  period,  for  example^  when  the  primitive  dental 
papillas  are  not  defended  by  either  an  outer  or  an  inner  alveolar 
process,  any  more  than  their  calcified  homologues,  which  are  con- 
fluent with  the  margin  of  the  jaw  in  the  Rhynchocephalns.' 
There  is  another  stage  in  which  the  groove  containing  the  dental 
germs  is  defended  by  a  single  external  cartilaginous  alveolar 
ridgo;  this  coniUtion  is  permanently  typified  in  the  Cyclodus^ 
fig.  272,  and  most  existing  Lizards.  Next  there  is  developed  in 
the  human  embryo  an  internal  alveolar  plate,  and  the  sacs  and 
pulps  of  the  teeth  sink  into  a  deep  but  continuous  groove,  in 
which  traces  of  transverse  partitions  soon  make  their  appear- 

'  V.  pi.  13,  fig.  9.  »  V.  pL  sr. 

'  CLXm,  pL  2,  pi.  6,  flgjk  5  &  6,  p.  S3. 
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ance;  in  the  ancient  Ichthyosaur  the  relation  of  the  jaw8  to 
the  teeth  never  advanced  beyond  this  stage.  Finally^  the  dental 
groove  is  divided  by  complete  partitions;,  and  a  separate  socket  is 
formed  for  each  tooth  ;  and  this  stage  of  developement  is  attained 
in  the  highest-oiganiaed  Beptaies,  e.  g.  the  Crooodilea^  figs.  95» 
275. 

SubMtanee^ — This  may  be  foiu>fold^  and  a  single  tooth  may  be 
composed  of  dentine*  cement*  enamel*  and  bone :  but  the  dentine 
and  cement  are  present  in  the  teeth  of  all  Reptiles. 

In  the  Batraehians  and  Opludianfl  a  thin  layer  of  cement 

invests  the  central  body  of  dentine,  and,  as  usual,  follows  any 
inflections  or  sinuosities  that  mav  characterise  its  surlace.  Be- 
sides  the  miter  coat  of  cement,  which  is  thickest  at  the  base,  a 
genernlly  thin  coat  of  enamel  defends  the  crown  of  the  tooth  in 
most  Saurian s,  and  the  last  remains  of  the  pulp  are  not  nnfre- 
quently  converted  into  a  coarse  bone,  both  in  the  teeth  which 
are  anchylosed  to  the  jaw*  and  in  some  teeth,  as  those  of  the 
Ichthyosaur*  which  remain  free.  The  modification  called  *vaso- 
dentine*  is  peculiar  in  the  present  class  to  the  teeth  of  the 
Iguanodon.^ 

Sihrvchfrff.-*The  varieties  of  dental  structure  are  few  in  the 
Beptiies  as  compared  with  Fishes  or  Mammals*  and  its  most  com- 
plicated condition  arises  from  interblending  of  the  dentinal  and 
other  substances  rather  than  from  modifications  of  the  tissues 
thmselves.  In  the  teeth  of  most  Reptiles  the  intimate  structure 
of  the  dentine  is  of  the  hard  or  unvascnlar  kind,  presentin<T  only 
plasmatic  or  dentinal  tubes,  diverging  from  the  pulp  cavity,  at 
right  angles  to  the  external  surface  of  the  tooth.  Such  dentine 
may  be  folded  inwardly  upon  itself,  so  as  to  produce  a  deep  longi- 
tudinal indentation  on  one  side  of  the  tooth;  it  is  the  expansion  of 
the  bottom  of  such  a  longitudinal  deep  fold  tbnt  forms  the  ccT^tral 
canal  of  the  venom-fang  of  the  Serpent :  but  its  structure  remains 
unaltered;  and  although  the  pulp-cavity,  fig.  270,/?*  is  reduced 
to  the  form  of  a  crescentic  fissure*  the  dentinal  tubes  continue  to 
radiate  from  it  according  to  the  usual  law.  By  a  similar  infiection 
of  many  vertical  longitudinal  folds  of  the  cement  and  external 
surfiice  of  the  tooth  at  regular  intervals  around  the  entire  cir- 
cumference of  the  tooth*  and  by  a  corresponding  extension  of 
radiated  processes  of  the  pulp-cavily  and  dentine  into  the  inter- 
spaces of  such  inflected  and  conyer^ng  folds*  a  modification  of 
dental  structure  is  established  in  certain  extinct  Beptiles*  which* 

*  T.  pL  7 1,  Igaanodon. 
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by  the  various  sinuosities  of  the  iiiterl)leii(le<l  fulds  of  cement  and 
proces.ses  of  (lentiiie,  witli  the  partial  dihitatioiis  of  the  radiated 
pulp-cavity,  produces  the  complicated  structure  which  is  described 
at  p.  3659  wid  figured  in  cut  244. 
DevelopemenL — The  teeth  of  Beptiles  are  never  completed  at  the 

first  or  papillary  stage ;  the  pulp 
sinks  into  a  foUiclei  and  becomes 
indoaed  by  a  capsule;  and  in 
certain  reptiles  this  becomes 
more  or  leas  surroonded  by  bone ; 
but  the  'eruptive'  stage,  in  the 
sense  in  which  this  is  usually 
understood,  as  signifying  the  ex- 
trication of  the  young  tooth  from 
a  closed  alveolus,  is  not  exem- 
plified in  recent  Reptiles,  and 
was  rare  in  extinct  ones.' 

The  completion  of  a  tooth, 
with  the  exception  of  the  Dicy- 

T^ttot^cnovom<.-^^m^^.l.omcTint,  nodout  RcptilcS,  is  SOOn  fol- 
lowed by  preparation  for  its 
removal  and  succession;  the  faculty  of  developing  new  tooth- 
germs  seems  to  be  unlimited  in  the  present  dass,  and  the  ]ihe- 
nomena  of  dental  decadence  and  replacement  are  manifested  at 
every  period  of  life ;  the  number  of  teeth  is  generally  the  same  in 
each  successive  series,  and  the  difference  of  size  presented  by  the 
teeth  of  different  and  distant  series  in  the  same  individual  is 
considerable. 

The  new  germ  is  always  developed,  in  the  first  instance,  at 
the  side  of  the  base  of  the  old  tooth,  never  in  the  cavity 
of  the  base;  the  crocodiles  form  no  exception  to  this  rule. 

The  poison-fangs  of  serpents  succeed  each  other  from  behind 
forwards ;  in  almost  every  other  instance  the  germ  of  the  succcs- 
sional  tooth  is  developed  at  the  inner  side  of  the  base  of  it^ 
predecessor.  In  the  Fro<x  the  dental  germ  makes  its  appear- 
ance in  the  form  of  a  |)aj)illa  developed  from  the  bottom  and 
towards  the  outer  side  <»f  a  small  fissure  in  the  mucous  membrane 
or  gum  that  fills  up  tlie  shallow  groove  at  the  inner  side  of  the 
alveolar  parapet  and  its  adherent  teeth;  the  papilla  is  soon 
enveloped  by  a  capsular  process  of  the  surrounding  membrane. 
As  the  tooth  acquires  hardness  and  size,  it  presses  against  the 

1  oxuu.  p.  178,  pi  ix.,  fig.  4,  a'. 
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base  of  the  contiguous  attached  tooth,  causes  a  progressive 
absorption  of  that  part>  and  finally  undermines,  displaces,  and 
replaces  its  predecessor.  The  number  of  nascent  matrices  of  the 
Buccessional  teeth  Is  so  great  in  the  Frog,  and  they  are  crowded  so 
doee  together,  that  it  is  not  unosnal  to  find  the  capsules  of  con* 
tiguoos  tooth-germs  becoming  adherent  together^  as  their  ossifi- 
cation proceeda  After  a  brief  maceration^  the  soft  gum  may  be 
stripped  firom  the  shallow  alveohur  depression^  and  the  younger 
tooth-germs  in  different  stages  of  growth  are  brought  away 
with  it. 

The  mode  of  development  of  the  teeth  of  serpenta  does  not 
differ  essentially  from  that  of  the  teeth  of  the  Batrachiaii  aljove 
descriljed,  except  in  the  relation  of  the  papillaj  of  the  suc- 
cessional  poison-fanfrs  to  the  hraiicli  of  the  poison-duct  that 
traverses  the  cavity  of  the  loose  mucous  gum  in  which  they  are 
developed. 

Some  of  the  peculiarities  of  the  dentition  of  the  Batrachians 
have  already  been  noticed,  as  in  the  comparison  of  the  Siren 
with  the  Lepidotirenf  in  which  the  true  amphibian  was  shown 
to  have  numerous  teeth  on  the  pahite  and  lower  jaw.'  The 
piscine  character  of  rasp-like  teeth  aggregated  in  numerous 
series,  is  manifested  also  in  the  Axolot!,'  upon  the  palatal  region 
of  the  mouth,  and  upon  the  splenial  or  opercular  element  of  the 
lower  jaw ;  but  the  superior  maxillary  bones  are  here  dcTeloped, 
and  also  support  teeth.  The  premandibular  and  the  premaadllary 
bones,  instead  of  preserving  the  larval  condition  of  the  homy 
sheath,  have  their  alveolar  border  armed  with  a  single  row  of 
small,  equal,  fine  and  gharp-pointed  denticles,  which  aie  continued 
above,  along  the  maxillaries;  thus  establishinnr  the  commence- 
ment oi"  tlici  ordinary  Batrachian  condition  of  the  marjnrinal  teeth 
of  til c  buccal  cavity.  The  denti^crous  hones  of  the  iiaiaie  consist 
of  two  plates  on  each  side,  as  in  the  Siren  ;  the  anterior  pair,  or 
Tomerine  bones,  converge  and  meet  at  their  anterior  extremities ; 
the  minute  denticles  which  they  support  are  arranged  quincun- 
dally;  the  posterior  pair  of  bones  are  continued  backwards 
according  to  iJie  usual  disposition  of  the  pterygoids,  to  abut 
against  the  tympanic  bones;  the  denticles  are  confined  to  the 
anteric^  part  of  ^eir  oral  sur&ce,  and  resemble  in  their  arrange- 
ment and  anchylosed  attachment  those  of  the  vomerine  series^  of 
which  they  form  the  posterior  termination. 

In  the  Menopome,  fig.  265,  the  teeth  are  small,  pointed,  in  a 

>  V.  pL  62,  figi.  5  &  6.  '  lb.  pi  62,  fig.  4. 
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single  row,  in  each  bone ;  describing  a  semicircle,  upon  the  pre- 
maxillary,  A,  and  maxillary»  bones ;  a  shorter  parallel  series  is 
supported  on  the  vomerine  bones,  U  The  mandibuhur  series  is 
received  into  the  interspace  of  the  two  rows  in  the  upper  jaw« 

The  Frogs  {Banay  have  no  teeth  on  the  lower  jaw ;  but  in 
some  species  the  alveolar  edge  of  this  bone  is  finely  notched  or 
dentated^  as  in  the  homed  Frogs  (  Ceratophrys),  DaetylMra  has 
maxillary  teeth  only ;  Mychatrachw  has  but  two  horizontal  pre- 
maxillary  teeth.  Bolh  premaxillary  and  maxilla  i  }  bones  nsually 
support  a  long,  dose-set,  nngle  series  of  small,  conical,  hollow 
teeth,  of  which  the  apices  only  project  beyond  the  external  alveo- 
lar ridfT^c  to  which  llit  v  are  attached.  A  short  transverse  row  of 
similar  but  smaller  teeth  extends  ah»iig  the  posterior  border  of  each 
vomer.  Other  dispositions  of  the  vomerine  teeth  hel])  to  charac- 
terise the  genera  of  Jianidm,  in  a  few  of  which  thoy  are  wantiivj; 
as,  e.g.,in  Up*^o1cin/\n  the  flender-aniied  Frog-  (  Tj^j^fobraciudin)^ 
in  Oxyglossusy  and  in  some  of  the  Tree  Frogs  (e,g.  l^ucnemit)^  in 
which  the  roof  of  the  mouth  is  edentulous. 

Amongst  the  most  extraordinary  examples  of  extinct  reptiles 
are  those  which  are  characterised  by  the  labyrinthic  modification 
of  the  dental  structure  above  described,  and  which,  with  some 
affinities  to  Saurians,  combine  characters  which  are  essentially 
those  of  the  order  Batrachia.  In  Labyrinihodcn  UptognojtkvMy  the 
upper  jaw  contains  a  single  row  of  small  teeth,  about  sixty  in 
number,  anterior  to  which  are  three  or  four  large  conical  tusks. 
The  apical  two  thirds  of  each  tooth  is  smooth,  but  the  basal  third  is 
fluted  and  anchylosed  to  the  outer  wall  of  the  socket  The  osseous 
roof  of  the  mouth  is  principally  composed  of  a  j)air  of  broad  and 
flat  bones,  homologous  with  the  divided  vonier  in  Batracliia,  but  of 
much  jnrreater  relative  extent.  Each  bone  supports  anteriorly  three 
mefliaii  small  teeth  and  two  outer  larger  ones,  frmn  which  a  lonjji- 
tudinal  row  of  smull  and  ct^ual-.sized  teeth  is  continued  backward 
along  the  exterior  margin  of  the  vomer.  The  whole  of  this  series 
of  vomerine  teeth  is  nearly  concentric  with  the  maxillary  teeth. 

In  Laccrtine  reptiles  the  examples  of  a  row  of  palatal  teeth  are 
rare,  and,  when  present,  it  is  short,  and  situated  upon  the  ptery- 
goid bones,  as  in  t lie  Iguana  and  Mosasaur.  In  BatrachianB  the 
most  common  disposition  of  the  palatal  teeth  is  a  transverse  tow 
placed  at  the  anterior  part  of  the  divided  vomer,  as  in  Frogs,  and  the 
Menopome.  In  the  Ampluume,  the  vomerine  teeth  fonn  a  nearly 
longitudinal  series  along  the  outer  margin  of  the  palatine  bones, 

>  V.  pi.  62,  fig.  10.  *  lb.  pi.  C2,  fig.  10. 
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The  Lnhyrinthodon  combines  both  these  dispositions  of  the  palatal 
teeth.  The  lower  jaw,  like  the  upper,  coutains  a  series  of  small 
teeth,  with  a  few  larger  tusks  anterior  to  them.  The  sockets  of 
the  teeth  arc  shallower  than  in  the  upper  jaw ;  the  outer  wall  Ib 
more  developed  than  the  inner,  and  the  anchjlofled  bases  of  the 
teeth  more  nearly  resemble,  in  their  oblique  position,  those  of 
exiHting  Batrachia,  Between  the  apex  and  the  part  where  the 
inflected  yertical  folds  of  the  cement  commence,  the  tooth  of  the 
Labyrinthodon  resembles,  in  the  simplicity  of  its  intimate  struc- 
ture, that  of  the  entire  tooth  of  ordinary  Batrachia  and  most 
reptiles ;  and  in  the  lower  or  basal  half  of  the  tooth  the  labyrinthic 
structure  above  described  commences,  and  gradually  incrcaiies  in 
complexity. 

In  the  genus  Deirodnn^  the  t«eth  of  the  ordinary  bones  of  the 
mouth  are  so  siiiall  as  to  be  scarcely  perceptible  ;  and  they  appear 
to  be  soon  lost.  Ati  nerpmintanro  with  the  habits  and  fooci  ot  this 
species  has  shown  Ihjw  admirably  this  apparent  defect  is  adapted 
to  its  well-bcino;.  Its  business  is  to  restrain  the  undue  increase  of 
the  smaller  birds  by  devouring  their  eggs.  Now  if  the  teeth  had 
existed  of  the  ordinary  form  and  proportions  in  the  maxillary  and 
palatal  regions,  the  egg  would  have  been  broken  as  soon  as  it  was 
seized,  and  mudb  of  the  nutritiotiB  contents  would  have  escaped 
from  the  lipless  month  of  the  snake  in  the  act  of  deglutition ;  but, 
owing  to  the  almost  edentulous  state  of  the  jaws,  the  egg  glides 
along  the  expanded  opening  imbroken ;  and  it  is  not  until  it  has 
reached  the  gullet,  and  the  closed  mouth  prevents  any  escape  of 
the  nutritious  matter,  that  the  egg  becomes  exposed  to  instru- 
ments adapted  for  its  perforation.  These  instruments  consist  of 
the  h  vpMpuphysesof  the  seven  or  eight  posterior  cervical  vertebne, 
the  extremities  of  which  are  capped  by  a  layer  of  hard  cement, 
and  penetrate  the  dorsal  parietes  of  the  (rs(>p!in!xn*^.^  They  may 
be  readily  seen,  even  in  very  small  subjects,  in  the  interior  of  that 
tube,  in  which  their  points  are  directed  backwards.  The  shell 
being  sawed  open  longitudinally  by  these  vertebral  teeth,  the 
egg  is  crushed  by  the  contractions  of  the  gullet,  and  is  carried  to 
the  stomach,  where  the  shell  is  no  doubt  soon  dissolved  by  the 
acid  gastric  juice. 

In  the  Boa  and  Pythons,  fig.  266,  the  teeth  are  slender,  conical, 
bent  backward  and  inward  above  their  base  of  attachment.  The 
premaxillary  bone  in  some,  ib.  29,  is  edentulous;  in  most  it 
supports  four  small  teeth;  each  maxillary  bone,  ib.  21,  has  a  row 

■  The  Coluber  mAer  of  LinnoQus ;  «n  arboraal  eerpeak  of  Sooth  Africa. 
'  Joordu,  in  ocxui.  L  ti  p.  160. 
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of  liirfjer  ones,  which  gradually  decrease  in  size  as  they  are  placed 
fui'ther  back.  There  are  teeth  of  similar  size  and  proportions  in 
each  premandibuUr  bone.  These  teeth  are  separated  bj  intefYais* 


266 


267 


Dentlilao,  upper  Jaw,  python,  oob 

from  which  other  teeth,  similar  to  those  in  place,  have  been 
detached.  Tlie  base  of  each  is  anchyiosed  to  a  shallow  alveoliUy 
extending  obliquely  across  the  alyeolar  grooTe^of  which  the  outer 
is  higher  than  the  inner  walL 

The  palatine  teeth,  ib.  so,  are  as  large  as  the  maxillary,  and 

are  similarly  attached.  The 
pterygoid  teeth,  ib.  S4, 
which  complete  the  inter- 
nal dental  series  on  the 
roof  of  the  mouth,  are  of 
smaller  size,  and  gradually 
diminish  as  they  recede 
l>ackward.  In  the  inter- 
spaces of  the  fixed  teeth 
in  both  of  these  bones,  the 
])laces  of  attAchnient  of  the 
shed  teeth  are  always  visi* 
ble;  so  that  the  dental  for- 
mula, if  it  included  the 
vacated  with  the  occupied 
sockets,  would  ex})res8  a 
greater  number  of  teeth 
than  are  ever  in  j)lace  and 
use  at  the  same  time. 

Tlie  smaller  non-veno- 
mous serpents,  Colubrida, 
e.  g.  have  two  rows  of  teeth 

BooCoftbeBMmChof  tb«Itatt]6nilnbihowliietliepolMii-  .i  c    r  ^i^ 
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extending  along  the  palatines  and  pterygoids.  The  genus  Oli- 
ffodon  appears  to  form  the  sole  exception  to  this  rule.  In  the 
Dryinus  nasutus,  a  few  small  teeth  are  present  on  the  ecto- 
pteiygoid  as  well  as  on  the  pterygoid. 

In  Dryophis,  D^toM,  and  Bucephalus,  in  which  the  maJuUary 
teeth  increase  in  size  towards  the  posterior  part  of  the  bone^  the 
large  terminal  teeth  of  the  series  are  trayersed  along  tfam  anterior 
and  convex  side  by  a  longitudinal  groove.  In  the  Bttcephalus 
eapensU,  the  two  or  three  posterior  maxillary  teeth  present  this 
structorey  and  are  much  larger  than  the  anterior  teeth,  ot  those  of 
the  paktine  and  premandibular  series.  They  add  materially, 
therefore,  to  the  power  of  retaining  the  prey,  and  may  conduct  into 
the  wounds  which  they  inflict  an  acrid  saliva ;  but  they  are  not 
in  connection  with  the  duct  of  an  express  poison-gland.  The 
long  grooved  fangs  are  cither  firmly  fixed  to  tlie  maxillary  bones, 
or  are  slightly  moveable,  according  to  their  period  of  growth. 
They  are  concealed  by  a  sheath  of  tliick  and  soft  gum,  and  their 
points  arc  directed  backward.  The  sheath  always  contains  loose 
recumbent  grooved  teeth,  ready  to  succeed  those  in  place. 

In  most  of  the  Colubri,  each  maxillary  and  premandibular  bone 
includes  firom  twenty  to  twenty-five  teeth.  They  are  less  numerous 
in  the  genera  Tortrix  and  Homakpsis,  and  are  reduced  to  a  stiU 
smaller  number  in  the  poisonous  serpents,  in  the  typical  genera 
of  which  the  short  maxillary 
bone  supports  only  a  single 
perforated  fang. 

The  maxillary,  fig.  268, 
diminishes  in  length  with  the 
decreasing  number  of  teeth 
which  it  support.s :  the  ecto- 
pterygoid,  d,  elongates  in  the 
same  ratio,  so  as  to  retain  its 
position  as  an  abutmentagainst 
the  shortened  maxillary  ;  and 
the  muscles  implanted  into 
the  ectopterygoid  conununicate  through  it  to  the  maxillary 
bone  the  hinge-like  movements  backward  and  forward  upon  the 
ginglymoid  articulations  connecting  that  bone  with  the  prefrontal 
and  palatine  bones.  As  tiie  fully  developed  p(nson-fangs  are 
attached  by  the  same  firm  basal  anchyloris  to  maxillary  sockets, 
whicli  forms  tlie  characteristic  mode  of  attachment  of  the  simple 
or  solid  teeth,  they  necessarily  follow  all  the  movements  ol'  the 
superior  maxiUary  bone.    When  the  external  pterygoid  is  re- 
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tracted,  the  superior  maxillary  rotates  backward,  and  the  poisoa- 
fang  is  concealed  in  the  lax  mucous  gnm^  with  its  point  turned 
backwJird,  fig.  2(57,  lo.  When  the  muscles  draw  fi>rwftrd  the 
external  pterygoid,  the  maxillary  bone  is  pushed  forward^  and  the 
recumbent  fimg  withdrawn  irom  its  conceaknent  and  erected. 

In  this  power  of  changing  Ihe  direction  of  a  large  tooth,  so  that 
it  vMj  not  impede  the  passage  of  food  through  the  mouth,  we  may 
perceiTe  an  analogy  between  the  viper  and  the  Lophius ;  but  in 
the  fish  the  movement  is  confined  to  fhe  tooth  alone,  and  is  de- 
pendent on  the  mere  physical  property  of  the  elastic  medium  of 
attachment;  in  the  serpent  the  tooth  has  no  independent  motion, 
but  rotates  with  the  jaw,  whose  movements  are  governetl  by 
muscular  actions.  In  the  fish  the  great  teeth  are  erect,  except 
wlit'u  pressed  down  by  some  extraneous  force.  In  the  serpent 
the  }\fihitual  position  of  the  fang  is  tlie  recumbent  one,  and  itcj 
erection  takes  place  only  when  the  envenomed  blow  is  to  be 
struck. 

A  true  idea  of  the  structure  of  a  poison-fang  will  be  formed 
by  supposing  the  crown  of  a  simple  tooth,  as  that  of  a  boa,  to 
be  pressed  flat,  and  its  edges  to  be  then  bent  towards  each  other, 
and  soldered  together  so  as  to  form  a  hollow  cylinder,  or  rather 
cone,  open  at  both  ends*  The  flattening  of  the  fimg  and  its 
inflection  around  the  poison-duct  commences  immediately  above 
the  base,  and  the  suture  of  the  inflected  mar;g^ns  runs  along  the 
anterior  and  convex  side  of  the  recurved  fang,  as  shown  in 
fig.  269,  A :  the  poison-canal  is  thus  in  front  of  the  pulp-cavity,  as 
shown  in  the  longitu^nal  section  of  the  fang,  fijr.  268,  y,  and 
fig.  269,  H.  The  basal  aperture  of  tlie  i)oison-canal,  ib.  r,  is  oblique, 
and  its  opposite  outlet  w'  is  stili  more  so,  presenting  the  form  of  a 
narrow  elliptical  longitudinal  fissure,  termiiiciUntx  at  a  short  dis- 
tance from  the  apex  of  the  fang.  In  fig.  268,  a  fine  hair  is  repre- 
sented as  passing  through  the  poison-canal  by  tlie  duct  of  the  fang. 

The  secretion  of  the  poison-gland  is  conveyed  to  the  basal  aperture 
of  the  poison-canal  of  the  fang.  We  may  suppose,  that  as  the 
analogous  lacrymal  and  salivary  glands  in  other  animals  are  most 
active  during  particular  emotions,  so  the  rage  which  stimulates  the 
venom-snake  to  use  its  deadly  weapon  must  be  accompanied  with 
an  increased  secretion  and  great  distension  of  the  poison-glands; 
and  as  the  action  of  the  compressing  muscles  is  oontemporaneona 
with  the  blow  by  which  the  serpent  inflicts  the  wound,  die  poison 
is  at  the  same  moment  injected  with  force  into  the  wound  from 
the  apical  outlet  of  the  perforated  fang. 

The  duct  which  conveys  the  poison,  although  it  runs  through 
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the  centre  of  a  great  part  of  the  tooth,  is  really  on  the  outside  of 
the  tooth,  the  canal  in  which  it  is  lud^iretl  anil  ])n»tcctcd  bciiior 
formed  by  a  longitudinal  infiectiou  of  the  dentinal  parietea  of  the 
puli)-cavity,  fig.  270,  c.  This 
inflection  commences  a  little 
beyond  the  base  of  the  tooth, 
where  its  nature  is  readily 
appreciated,  as  the  poison- 
duet  there  rests  in  a  slight 
groove  or  longitudinal  inden- 
tation on  the  convex  ride  of 
the  fang,  fig.  269,  A,  B,  o; 
as  it  proceeds  it  ainke  deeper 
into  the  snbstance  of  the 
tooth,  and  the  sides  of  the 
groove  meet  and  seem  to 
coalesce,  so  that  the  trace  of 
the  inflected  fold  ceases,  in 
some  species,  to  be  j)ercepti- 
blc  to  the  naked  eye ;  and  the  fan«^  appears,  as  it  is  commonly 
described,  to  be  perforated  by  the  duct  of  the  poison-gland.  In 
the  Hydropha  the  groove  remains  permanently  open,  as  in  fig. 
269,  c. 

From  the  porition  of  the  pcnson-canal  it  follows  that  the 
transverse  section  of  the 
tooth  varies  in  form  in  dif- 
ferent parts  of  the  tooth:  at 
the  base  it  is  oblong,  with  a 
large  pulp-cavity  of  a  cor- 
responding form,  with  an 
enterin^r  notch  at  the  ante- 
rior surface,  flg.  268,  c; 
farther  on,  the  transverse 
section  p>resents  the  torm  of 
a  horseshoe,  and  the  pulp- 
cavity  that  of  a  crescent,  the 
horns  of  which  extend  into 
the  sides  of  the  deep  cavity 
of  the  poison-fiBUig:  a  little 
beyond  this  part  the  sec- 
tion cf  the  tooth  itself  is 
cresoentic,  with  the  horns  obtuse  and  in  contact,  so  as  to  circum- 
scribe the  poison-canal ;  and  along  the  whole  of  the  middle  four 


270 


Section  of  iH>tw>n-£ui9a(0Min»iiM9ii.  T. 


886 


ANATOUT  OF  VBRTBBEATBS 


sixihs  of  the  tootb,  the  section,  of  which  a  magnified  view  is  givoi 

in  fific.  270,  shows  the  dentine  of  the  fang  indosiiig  the  poison- 
canal,  iuid  Iiaving  its  own  centre  or  pulp-canal,  p,  in  the  form 
of  a  crescentic  fissure,  situated  close  to  the  concave  border  of  the 
inflected  surface  of  the  tooth.  The  pulp-cavity  disappears,  and 
tlie  p(<i>oii-canal  n^am  resumes  the  form  of  a  groove  near  the  apex 
of  the  I'ang,  fig.  209,  A,  B,  v',  and  terminates  on  the  anterior  bur^Mse 
in  an  eh)ngated  fissure. 

The  venom-fangs  of  the  viper,  rattle-snake,  and  the  Fer-de^ 
lance  are  coated  only  with  a  thin  layer  of  a  subtrnnsparent  and 
minutely  cellular  cement.  The  dis]X)sition  of  the  dentinal  tubes 
is  obedient  to  the  general  h»w  of  Yerticality  to  the  external 
surface  of  the  tooth;  it  is  represented  as  seen  in  the  trans- 
Terse  section  £rom  the  middle  of  the  fang  in  fig.  270.  Since 
the  inflected  surface  of  the  tooth  can  he  exposed  to  no  other 
pressure  than  that  of  the  turgesoent  duct  with  which  it  is 
in  contact,  the  tuhes  which  proceed  to  the  central  surliioe, 
while  maintaining  their  normal  relation  of  the  right  angle  to 
it,  are  extremely  short ;  and  the  layer  of  dentine  separating  the 
poison-tube  from  the  pulp-cavity  is  proportionally  thin.  The 
dentinal  tubes  that  radiate  from  the  opposite  side  of  the  pulp- 
cavity  to  the  exposed  surface  b  of  the  tooth  are  disproportionately 
long. 

The  t(  I  ill  of  Ophidians  are  developed  and  comjdeted  in  that 
part  which  forms  the  original  seat  of  the  tooth-germs  in  all 
animals  ;  viz.  the  mucous  membrane  or  gum  covering  the  alveobir 
border  of  the  dentigerous  bones.  The  primitive  dental  papilla  in 
the  common  harmless  snake  very  soon  sinks  into  the  substance  of 
the  gum,  and  becomes  enclosed  by  a  capsule.  As  soon  as  the 
deposition  of  the  calcareous  salts  commences  in  the  apex  of  the 
papiUa»  the  capsule  covering  that  part  becomes  ossified  and 
adherent  to  the  dentincj  and  the  tooth  begins  to  pierce  and 
emerge  from  the  gum  before  its  mould,  the  pulp,  is  half  com- 
pleted. Fresh  layers  of  cells  are  successiyely  added  to  the  base 
of  the  pulp^  and  conyertcd,  by  their  confluence  and  calcification, 
into  the  tubular  dentine,  imtil  the  f\ill  size  of  the  tooth  is 
attained,  when  its  situation  in  the  gum  is  gradually  changed, 
and  its  base  becomes  anchylosed  to  the  shallow  cavity  of  the 
alveolar  surface  of  the  bone.  In  the  posterior  pait  of  the  large 
mucous  sheath  of  the  poison-fang,  the  successors  of  this  tooth 
are  always  to  be  found  in  difi'crent  stages  of  dcvclopemcnt ; 
the  pul})  is  at  first  a  simple  papilla,  and  when  it  has  sunk  into 
the  gum  the  succeeding  portion  presents  a  depression  along  its 
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inferior  surface,  as  it  lies  horizontally,  with  the  apex  directed 
backward  ;  the  capsule  adheres  to  tliis  inflected  surface  of  the 
pulp ;  and  the  base  of  the  groove  of  the  loose  growing  poison- 
fang  is  brought  into  the  same  relation  with  the  duct  of  the 
poison  gland  as  the  displaced  fang,  which  has  been  severed  from 
the  duct. 

The  existing  species  of  Lizards  differ  from  those  of  Crocodiles 
in  the  anchylosed  condition  of  the  teeth,  which  present  few  modi- 
fications of  importance  :  those  that  yield  most  fruit  to  physiology, 
and  which  have  most  exjmnded  our  ideas  of  the  extent  of  the 
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resources  of  Nature  and  the  exceptional  deviations  from  what 
was  deemed  the  nUe  of  structure  in  the  Saurian  dentition, 
have  been  discovered  by  the  study  of  the  fossil  teeth  of  extinct 
forms  of  the  order.  Amongst  these  the  most  extraordinary  are 
those  called  *  Dicynodonts,''  from  their  dentition  being  reduced 
to  one  long  and  large  canine  tooth  on  each  side  of  the  upper 
jaw.  These  teeth  recall,  at  first  sight,  the  character  which  the 
long  poison-fangs  give,  when  erected,  to  the  upper  jaw  of 
the  Rattle  snake.  The  alveolar  border  of  the  lower  jaw  and  of 
the  premaxillary  part  of  the  upper  jaw  is  trenchant,  and  seems 
to  have  been  sheathed  with  horn.  The  maxillary,  fig.  271, 
21,  is  excavated  by  a  wide  and  deep  alveolus,  with  a  circular 
area,  and  lodges  a  long  and  strong,  slightly  curved,  and  sharp- 
j)ointed  tusk,  which  projects  about  two  thirds  of  its  length  from 

*  From  8(t,  two,  and  icvv69ov5,  the  name  given  by  Hippocrates  to  the  canine  leeth, 
and  signifying  the  same  idea  as  their  common  English  denomination. 
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the  open  extremity  of  the  socket;  the  two  converging:,  as  they 
descend  along  the  outer  side  of  the  compressed  8yiu]>hy^is  of 
the  lower  jaw.  The  tusk  is  principally  cuiiiposed  of  a  in  Ay  (<f 
coiU|>act  unvascular  dentine.  The  base  is  excavated  ))y  a  wide 
conical  pnlp-cavity  with  the  apex  extending  to  nh<mt  one  half 
of  the  implanted  {  art  of  the  tusk,  and  a  linear  tract  in  contiiiued 
along  the  centre  of  the  solid  part  of  the  tusk. 

The  enamel  is  thinner  than  in  the  teeth  of  the  Crocodile. 
There  is  a  trace  of  cement  on  the  exterior  of  the  sectione  of  the 
implanted  base  of  the  tusks.  In  the  lower  jaw,  ib.  as,  28,  the 
alveolar  border  of  the  dentary  element  preeents  a  smooth  and  even 
edge,  which  seems  to  have  played  like  a  scissor^blade  upon  the 
inner  side  of  the  oorresponding  edentulous  border  of  the  upper 
jaw.  In  some  Dicynodonts  (^Piyekoffnathus)  the  symphysis  was 
singularly  produced  upward. 

Until  the  Ctiscovery  of  the  Rhynchosaums^  and  Oudenodon,  iStus 
edentulous  and  hom-sheathed  condition  of  the  jaws  was  supposed 
to  be  peculiar  to  the  Chelonian  order  among  reptiles.*  lu  the 
Saurian  Dicynodon  we  find,  superadded  to  the  horn-clad  man- 
dibles of  the  Tortoise,  a  pair  of  tusks,  borrowed  as  it  were  iroia 
the  mammalian  class,  or  rather  foresliadowing  a  structure  which, 
in  the  actual  creation,  is  y)(  i  uliar  to  certain  members  of  the 
highest-organised  warm-I^Kx nlcd  animals. 

In  the  other  Keptilia,  recent  or  extinct,  wliich  most  nearly 
approach  the  Mammalia  in  the  structure  of  their  teeth,  the  dif- 
ference characteristic  of  the  inferior  and  cold-blooded  class  is 
manifested  in  the  shape,  and  in  the  system  of  shedding  and  suc- 
cession, of  the  teeth:  the  base  of  the  implanted  tooth  seldom 
becomes  consolidated,  never  contracted  to  a  point,  as  in  the 
fimgs  of  most  msmmalian  teeth ;  and  at  all  periods  of  growth 
one  or  more  germs  of  teeth  are  formed  within  or  near  the  base 
of  the  tooth  in  use,  prepared  to  succeed  it,  and  progressing 
towards  its  displacement.  The  dental  armature  of  the  jaws  is 
kept  in  serviceable  order  by  uninterrupted  change  and  succes- 
sion ;  but  the  matrix  of  the  individual  tooth  is  soon  exhausted, 
and  the  life  of  the  tooth  itsell"  may  be  baid  to  be  compaiatively 
shorts 

The  Dicynudonts  not  only  manifest  the  higher  type  of  free 
im])lantati(>n  of  the  base  of  the  tooth  in  a  deep  and  complete 
socket,  common  to  Crocodilians,  Mogalosaurs,  and  Thecodonts, 
but  make  an  additional  step  towards  the  mammalian  ^rpe  of 

>  ThuisaclioiiB  of  the  Cambridge  PhiloMphM  *  CLTnt. 
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dentition,  by  maintaining  the  serviceable  state  ui  the  tiisk  by 
virtue  of  constant  renovation  oi"  the  substance  of  one  and  the 
same  matrix,  according  to  the  principle  manifested  in  the  lonrr- 
lived  and  ever-growlno;  tusks  of  the  W  alrus,  aud  the  scalprifonu 
incii^ors  of  the  Kodeutia. 

Naturalists  have  availed  themselves  of  characteristics  of  the 
dental  system  to  arrange  the  genera  of  the  squamate  Laoertians, 
In  the  first  group,  the  teeth  are  solid,  or  without  any  perma- 
nent internal  cavity,  and  are  anchjloaed  by  their  base  to  the 
alveolar  groove.  The  specnes  whidi  present  this  character  are 
called  *  Pleodonts.*  In  second  group,  the  teetli  are  excavated, 
or  retain  the  pulp-cavity,  and  are  less  firmly  fixed  to  the  jaws, 
being  applied  vertically,  like  piles  or  buttresses,  against  the  outer 
alveolar  imrapet,  but  not  adhering  by  their  base.  This  group  is 
called  '  Cd'lodonts.' 

The  Monitor  of  South  America  ( Tupinamhis  tcf/nixw)  is 
an  example  of  the  Plcn  lout  group,  in  wliifh  the  premaxillary 
teeth  are  ten  in  mmiht  r.  The  maxillary  teeth  vary  from  ten 
to  fifteen  on  each  side,  and  increase  in  size  as  they  are  placed 
farther  back :  the  hindmost  teeth  ai'e  tricuspid  in  young  indi- 
viduals, and  present  the  form  of  simple  tubercles  in  the  old 
Monitors.  The  mandibular  teeth,  fifteen  to  eighteen  in  number 
in  each  ramus,  correspond  in  size  and  form  with  those  above. 
In  the  Coelodont  group,  the  *  Swift  lizards '  (  Tachydronms)  have 
the  pterygoid  bones  armed  with  minute  teeth.  The  teeth  on  both 
upper  and  lower  jaws  are  of  larger  size,  and  the  hinder  ones  are 
tricuB|nd.  The  true  Lizards  (Laeerta)  have  two  kinds  of  teeth 
quoad  fbm ;  the  anterior  small,  conical,  and  recurved ;  the  pos- 
terior larger,  and  bi-  or  tri-cuspid.  Some  species  have  also 
pterygoid  teeth ;  as  the  common  Lncerta  nt/ilis. 

In  the  gicrantic  fossil  Sea-monitor  of  Maestricht  {Mosasdurus) 
the  teeth  coiulnne  the  *  Pleodont*  with  the  *  AcriM!(.iit '  characters. 
All  the  teeth  are  slightly  vc  curved,  and  their  peripheral  surface 
is  smooth:  the  crown  is  pyramidal,  with  the  onter  side  nearly 
plane,  or  slightly  convex,  and  separated  by  two  sharp  ridges  from 
the  remaining  sur&ce,  which  forms  a  half-cone.  The  larger  teeth 
are  implanted  upon  the  premaxillary,  maxillary,  and  premandibular 
bones ;  a  series  of  similarly  shaped  but  much  smailer  teeth  are 
placed  upon  the  pterygoid  bones. 

Most  of  the  smooth-scaled  Lizards  have  small  mouths  and 
slender  sharp  teeth,  fitted  best  for  insect  food :  they  are  usually 
confined  to  tiie  upper  and  lower  jaws ;  but  the  medicinal  Scink  of 
ancient  pharmacy  \Scincus  officinalis)  has  four  or  five  small  obtuse 
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teeth  upon  each  pterygoid  bone.  The  chief  exception  to  the 
typical  dentition  of  ihe  present  family  is  made  by  the  large 
sc'mcoid  Uzards  of  Australia,  wluch,  on  that  account,  hare  leceiTed 

tlie  geueric  name  of  Cyelodru.  The  dentition  dT  ihe  Cydodui 
nigroluteus  is  exemijlified  in  the  lower  jaw,  fig.  272.  In  the  upper 
jaw,  the  single  premaxiilai  y  bone  has  depressions  for  twelve  teeth. 


272 


of  which  only  the  alternate  ones  are  usually  hi  place ;  they  are  of 
very  small  size,  with  the  fang  compressed  laterally,  and  the  crown 
antero-posteriorly,  so  as  to  resemlVlo  a  true  incisor  in  form,  the 
summit  sloping  to  an  edge  from  behind  forwards,  with  the  middle 
of  the  cuttiDg  sorfiice  a  little  produced.  Each  superior  maxillary 
bone  has  depressions  for  fourteen  teeth ;  they  quickly  increase  in 
oze,  and  exchange  thdr  conical  for  a  suVhemispherical  crown ; 
the  eighth  to  the  thirteenth  inclusive  are  the  largest  teeth ;  they 
are  set  obliquely,  and  pretty  dose  together.  In  the  lower  jaw 
there  are  two  small  incisors,  at  the  anterior  part  of  each  pre- 
mandibular  bone  corresponding  with  tlio-ie  of  the  premaxiUary ; 
these  are  ^iucceeded  by  five  or  six  coiiical  teeth,  and  tlie  rest 
correspond  in  size  and  form  witli  the  tiibercuhitc  niolars  of  the 
upper  jaw.  All  tlic  teetli  are  attached,  after  the  F leu rodout  type, 
by  their  ba^e  and  outer  mar(rin  to  shaHow  depressioTt;*  on  the 
outer  side  of  the  external  alveolar  parapet.  The  genus  of  the 
Buccessional  teeth,  fig.  272,  are  developed  at  the  inner  side  of  the 
base  of  their  predecessors,  a,  which  they  excavate,  undermine^ 
and  displace  in  the  usual  manner. 

Certain  genera  of  the  Iguanian  family  of  Lizards,  e.  g.  Isfiurus, 
Lopkyrva^  Cahtet^  and  OtoerypHs,  have  the  teeth  soldered,  like 
those  of  Mosasaurut^  to  the  summit  of  the  alveolar  ridge,  and 
thence  are  called  *  Acrodonts : '  in  all  these  Hzards  the  maxiHary 
and  mandibular  teeth  may  be  diyided  into  anterior  laniary  and 
posterior  molary  teeth.  In  other  Ijipianians  the  teeth  are  lodged 
in  a  common  shallow  oblique  alveolar  groove,  and  are  soldered 
to  excavations  on  the  inner  surface  of  the  outer  wall  of  the 
groove  :  these  are  called  '  Pleurodonts.*  Most  of  them  possess 
pterygoid  as  well  as  maxillary  teeth :  but  the  IbUowmg  genera. 
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Hyperanodou,  Tropidolepis,  PhTynosoma,  and  CaUUaurus^  are 
exceptions. 

In  the  Pleurodont  Iguanians,  the  teeth  uever  present  the  true 
laniarv  form;  and,  if  simply  conical,  as  at  the  extremes  of  the 
maxiliary  series,  the  eone  is  more  or  less  obtuse  ;  but,  in  general, 
it  ia  expanded,  more  or  lese  trilobate,  or  dentated  along  the  margin 
of  the  crown.  The  Amblyrhynchtu^  a  genus  remarkable  for  the 
marine  habits  of  at  least  one  of  the  species  {Amhfyrht/nchus  ater), 
whose  diet  ia  seap-weed,  baa  the  tricuspid  structure  well  developed 
in  the  posterior  teeth.  The  typical  genus  of  the  present  fatnilj 
of  Saurians  {Tffuana  tubercuhttd)  is  dumuiterised  by  the  crenate 
or  de&tated  margin  of  the  crown  of  the  maxillary  and  premandi- 
bular  teeth,  a  few  of  the  anterior  small  ones  excepted*  The  ptery- 
goid  teeth  are  arranged  in  two  or  three  irregular  rows,  resembling 
somewhat  the  'denta  en  cardes'  of  Fishes.  In  the  full-grown 
lyadud  tnherculata  there  are  Irom  iurty-seven  to  forty-nine  teeth 
in  both  upper  and  lower  jaws.  The  nuiiibcr  is  less  in  young 
subjects.  The  two  row  s  of  pterygoid  teeth  arc  in  cloee  order 
on  each  side.  Tn  the  horned  Iguana  { Metofocems  cornutui)  there 
is  a  single  row  of  small  teeth  implanted  in  each  pterygoid  bone, 

fig.  98,  D,  24. 

The  teeth  of  the  I^uamodon^  though  resembling  those  of  the 
Iguana,  do  not  preient  an  exact  magnified  image  of  ihem,  bat 
differ  in  the  greater  relative  thickness  of  the  crown,  its  more 
complicated  external  snr&ce,  and  in  a  modification  of  the  internal 
stracture,  by  which  this  huge  herbiyorous  extinct  lizard  deviates 
£rom  every  other  known  reptile. 

As  in  the  Jguana,  the  base  of  the  tooth  is  elongated,  contracted, 
and  subcylindrical ;  the  crown  expanded,  and  smoothly 
convex  on  the  inner  side.  When  first  formed,  it  is 
acuminate,  compressed,  its  slo}iing  sides  serrate,  and 
its  external  surface  tiaversed  by  a  median  longitu- 
dinal ridjire,  and  coated  bv  a  laver  of  enamel ;  but, 
beyond  this  point,  the  descnjmon  of  the  tootli  (tf  the 
Iguanodon  indicates  characters  peculiar  to  that  genus. 
Three  longitudinal  ridges,  fig.  273,  traverse  the  outer 
surface  of  the  crown,  one  on  each  side  of  the  median 
primitive  ridge ;  these  are  separated  from  each  other,  mw^^tootn 
and  from  the  serrated  margins  of  the  crown,  by  four  <^<«^odoiL 
wide  and  smooth  lon^tudhial  groovea  In  the  upper  jaw  the 
teeth  are  less  curved,  and  are  thicker  transversely  to  the  jaw : 
the  primary  ridge  is  much  more  prominent  The  marginal  ser* 
rations  present,  under  a  low  magnifying  power,  the  fmn  of 
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transverse  ridcres,  themselves  notcheil,  so  as  to  resemble  the  mam- 
Diillated  marginsj  of  the  unworn  plates  of  the  elephant^s  trHnder. 
These  ridcrcs  or  dentations  do  not  extend  beyond  tl^e  px|>aiided 
part  of  the  rrown  :  tlie  lona:itudinal  ridges  are  eontinued  farther 
down,  especially  the  median  ones,  whieli  do  not  subside  till  the 
fang  of  the  tooth  begins  to  assume  its  subcylindrical  form. 

At  the  earlier  stages  of  abrasion,  a  aharp  edge  is  maintained  at 
the  external  part  of  the  tooth  hj  means  of  the  enamel  which 
covers,  and  is  restricted  to,  that  surface  of  the  crown.  The 
prominent  ridges  npon  that  surface  give  a  sinuous  contour  to  the 
middle  of  the  cutting  edge,  whilst  its  sides  are  jagged  by  the 
lateral  serrations.  The  dentine  next  the  enamel  is  harder  than 
the  yaso-dentine  of  the  opposite  half  of  the  crown.  When  the 
crown  is  worn  away  beyond  the  enamel,  it  presents  a  broad  and 
nearly  horizontal  grinding  sur&ce,  and  another  dental  substance 
is  brought  into  use  to  give  an  inequality  to  that  surface ;  thi« 
is  the  ossified  remnant  of  the  pulp,  whieh,  l)eing  firmer  than 
the  surrounding  den  line,  forms  a  slight  transverse  ridge  in  the 
middle  of  the  grinding  surface.  The  tooth  in  this  stage  has 
exchanged  the  functions  of  an  incisor  for  that  of  a  molar,  and  i?i 
prepared  to  give  the  final  compression,  or  comminution,  to  the 
coarsely  divided  vegetable  matters,  such  as  might  be  atlbrded  by 
the  CleUhraruB  and  similar  fossil  plants,  which  are  found  buried 
with  the  Iguanodon. 

In  the  Crocodilian  Monitor  (  Varanus  bwittaht$)  the  large  fixed 
compressed  teeth,  of  whicli  there  may  be  about  seven  in  each 
upper  maxillary  bone  and  six  in  each  premandibular,  are  anchy* 
losed  by  the  whole  of  their  base  and  by  an  oblique  sur&ce  leading 
upwards  on  the  outer  side  of  the  tooth  to  a  slight  depression  on 
the  alveolar  surface.  The  base  of  the  tooth  b  finely  striated,  the 
lines  being  produced  by  inflected  folds  of  the  external  cement,  as 
in  the  Ichthyosaur  and  Labyrinthodon,  but  they  are  short  and 
straight,  as  in  those  of  the  former  genus.  The  great  Varanus, 
like  the  variegated  species,  manifests  its  affinity  to  the  CrocodiViani 
in  the  mnnber  of  successive  teeth  which  are  in  progress  of  growth 
to  replace  each  other;  but,  from  the  ])osition  in  whieh  the  germs 
of  the  successional  teeth  are  developed,  the  more  advanced  teeth 
5n  this  species,  as  in  the  Varanva  variegatus,  do  not  exhilnt  the 
excavations  that  characterise  the  same  parts  of  the  teeth  of  the 
Enaliosaurs  and  Crocodiles. 

In  some  extinct  Saurians,  which,  in  other  parts  of  their  organi- 
sation, adhere  to  the  T^acertine  division  of  the  order,  the  teeth  were 
impknted  in  sockets,  either  loosely  or  confluent  with  the  bony  walls 
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of  tlie  ca\Hty  ;  these  are  termed  the  '  Thecodont '  Laccrtlans  :  their 
(leutid.  character  is  seen  in  the  oldest  known  of  all  Saurians.  viz.  the 
{jFrotarosaurus  of  the  Thuringian  coppeiHslates),  and  the  I'oUbo^ 
9auru$  of  the  dolomitic  conglomerates  near  Bristol.  The  com- 
pressed Varanian  form  of  tooth,  with  trenchant  and  finely  dentated 
margins,  which  characterised  these  andent  Lizards,  is  continued 
in  the  comparatively  more  recent  and  gigantic  species  called  ilfe^a- 
losaurus.  In  this  terrestrial  carnivorous  ReptUe  the  teeth,  when 
first  protruded  ahove  the  gum,  presented  a  double  cutting  edge  of 
serrated  enamel;  the  position  and  line  of  action  were  nearly  vertical, 
and,  like  the  two-edged  point  of  a  sabre,  the  teeth  cut  equally  on 
each  side.  As  the  tooth  advanced  in  tjrowth  it  became  curved 
backward,  in  the  form  of  a  j)runinsr-knife,  and  the  edge  of  serrated 
enamel  was  continued  downward  to  the  base  of  tlie  inner  and 
cutting  side  of  the  tootii,  whilst  on  the  outer  side  a  similar  edge 
descended  but  a  short  distance  from  the  point,  and  tlie  convex 
portion  of  the  tooth  hucame  blunt  and  thick,  a.s  tlie  back  of  a 
knife  is  made  tliick  lor  the  purix)se  of  producing  strength.  The 
Strength  of  the  tootli  was  further  increased  by  the  expansion  of 
its  side.  '  In  a  tooth  thus  formed  for  cutting  along  its  concave 
edge,  each  movement  of  the  jaw  combined  the  power  of  the  knife 
and  saw :  whilst  the  apex,  in  making  the  first  incision,  acted  like 
the  two-edged  point  of  a  sabre.  The  backward  curvature  of  the 
full-grown  teeth  enabled  them  to  retain,  like  barbs,  the  prey 
which  they  had  penetrated.  In  these  adaptations  we  see  con- 
trivances which  human  ingenuity  has  also  adopted  in  the  prepara- 
tion of  various  instruments  of  art.'' 

The  teeth  of  the  Megalosaur  consist  of  a  central  body  of 
dentine,  with  an  investment  of  enamel  upon  the  crown,  and  of 
cement  over  all,  but  tllicke^t  upon  the  fang.  The  marginal 
serrations  ai'c  formed  almost  entirely  by  the  enamel.  The  remains 
f>f  the  dentinal  jnilp  are  converted  into  a  coarse  bone  in  the  com- 
pletely formed  tooth. 

In  most  Pterodactyles  the  teeth  are  of  one  kind,  few  and  far 
apart,  fig.  Ill,  witli  long,  slender,  compressed,  slightly  recurved, 
pointed  crowns;  but  some,  from  the  more  ancient  secondary 
deposits,  show,  behind  a  few  teeth  of  the  above  prehensile 
character,  a  close-set  row  of  small  lancet-shaped  teeth:  such 
modification  characterises  the  genus  Dimorphodon. 

The  teeth  of  the  Ichthyosaur  have  a  simple  more  or  less 
acutely  conical  form^  with  a  long  and,  usuidly,  expanded  or 

■  Buckland,  Uridgcwatcr  Treatise,  vul.  i.  p.  isil. 
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▼entriooee  base^  or  implanted  fiuag.  Thej  are  confined  to  tlie 
premaxillaiyy  mazillaryy  and  premandibukr  bones,  in  which  they 
are  ananged  in  doae  series,  and  of  nearly  eqnal  auEe.  They 
consist  of  a  body  of  nnTascnlar  dentine^  invested  at  the  baae  bj  a 
thick  layer  of  cement^  and  at  the  crown  by  a  layer  of  enamd, 
which  is  it«elf  covered  by  a  very  thin  coat  of  conent ;  the  palp- 
cavity  is  more  or  loss  occupied  in  fully  formed  teeth  by  a  coarse 
bone.  The  external  surface  of  the  tooth  is  marked  by  the  longi- 
tudinal impressions  anrl  ridges,  but  the  t^*cth  \;n  v  1m>i1i  as  to 
outward  sc  ulpiuring  aud  general  form  in  tlie  dilierent  species,' 
The  chief  peculiarity  of  the  dental  system  of  the  Ichthyosaur 
is  the  mode  of  the  implantation  of  the  teeth:  instead  of  being 
anchylosed  to  the  bottom  and  side  of  a  continuous  shallow  groove, 
as  in  most  Lacertians,  or  implanted  in  distinct  sockets,  as  in  the 
Theoodon,  Megalosanr,  or  Pterodactyle,  they  are  lodged  loosely 
in  a  long  and  deep  continnons  farrow^  and  retuned  by  slight 
ridges  between  the  teeth,  along  the  sides  and  bottom  of  the 
fiuTow,  and  by  the  gum  and  organised  membranes  continued  into 
the  groove  and  upon  the  base  of  the  teeth.  The  germs  of  the 
new  teeth  are  developed  at  the  inner  side  of  the  base  of  the 
old  ones. 

The  best  and  most  readily  recognisable  characters  by  which 
the  existing  Crocodilians  are  crrouped  in  appropriate  genera  are 
derived  from  modifications  of  tlie  dental  system. 

In  the  Caimans  (genus  Alligator)  the  teeth  vary  in  number 

jg  jg      22  22 

^'^^  To — To  ^  oo — oo  •        foiu"th  tooth  of  the  lower  jaw,  or 
lo — 18      22 — 22 

canine,  is  received  into  a  cavity  of  the  palatal  surface  of  the  upper 

jaw,  where  it  is  concealed  when  the  month  is  shnt^    In  old 

individnals  the  upper  jaw  is  perforated  by  these  large  inferior 

canines,  and  the  fosss  are  converted  into  fonmmuL 

In  the  Crocodiles  (genus  CrocodUus)  the  first  toolh  in  the  lower 
jaw  perforates  the  palatal  process  of  the  premaxillary  bone  when 
the  mouth  is  closed ;  the  fourth  tooth  in  the  lower  jaw  is  received 
into  (I  iiotrli  excavated  in  the  side  of  the  alveolar  })ordcr  of  the 
upper  jaw,  and  is  visible  externally  when  the  mouth  is  closed. 

Ill  the  two  preceding  genera  the  alveolar  borders  of  the  jaw 
have  au  uneven  or  wavy  contour,  and  the  teeth  are  of  an  unequal 
size. 

In  the  Gavials  (genus  Gavialis)  the  teeth  are  nearly  equal  in 
size  and  similar  in  form  in  both  jaws^  and  the  first  as  well  as  the 

»  T.  pL  7a. 
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fourth  tooth  In  tlie  lower  jaw  passes  into  a  groove  in  the  margin 
jof  the  upper  jaw^  when  the  mouth  is  closed. 

In  the  Alligators  and  Crocodiles  the  teeth  are  more  unequal  in 
size,  and  less  regular  in  arrangement,  and  more  diversified  in 
form,  than  in  the  Gavials :  witness  the  strong  thick  conical 
laniary  teeth  as  contrasted  with  the  blunt  mammillate  sunnnits  of 
the  posterior  teeth  in  the  Alligator,  fig.  275.  The  teeth  of  the 
Gavial  are  subequal,  most  of  them  present  the  form  of  a  crown, 
shown  in  fig.  274,  long,  slender,  pointed,  Bubcompressed  from 
before  backward,  with  a  trenchant  edge  on  the  right  and  left 
sides,  between  ?^ich  a  few  faint  longitudinal  ridges  traverse  the 
basal  part  of  the  enamelled  crown. 

In  the  black  Alligator  of  Chiiana  tlie  first  fourteen  teeth 
of  the  lower  jaw  are  implanted  in  distinct  sockets,  the  re- 
maining posterior  teeth  are  lodged  dose  to- 
gether in  a  continuous  groove,  in  which  the 
divisions  for  sockets  are  faintly  indicated  by 
vertical  ridges,  as  in  the  jaws  of  the  Ichthyo- 
saurs.  A  thin  compact  floor  of  bone  separates 
this  groove,  and  the  sockets  anterior  to  it,  from 
the  large  cavity  of  the  ramus  of  tlie  jaw  ;  it  is 
perced  by  bloodvessels  for  the  supply  of  the 
pulps  of  the  growing  teeth  and  the  vascular 
dentiparous  membrane  which  lines  the  alveolar 
cavities. 

The  tooth-germ  is  developed  from  the  mem- 
brane coyering  the  angle  between  the  floor  and 
the  inner  wall  of  the  socket*  It  becomes  in 
this  situation  completely  enveloped  by  its  cap- 
sule, and  an  enamel-organ  is  formed  at  the 
inner  surfiice  of  the  capsule  before  the  young 
tooth  penetrates  the  interior  of  the  pulp-cavity 
of  its  predecessor. 

The  matrix  of  the  young  growing  tooth 
affects,  by  its  pressure,  the  inner  wall  of  the 
socket,  as  shown  in  fig.  275,  and  forms  for  itself 
a  shallow  recess:  at  the  same  time  it  attacks 
the  side  of  the  base  of  the  contained  tooth  ; 
then,  gaining  a  more  extensive  attachment  by 
its  basis  and  increased  size,  it  penetrates  the  large  pulp-cavity 
of  the  previously  formed  tooth,  either  by  a  circular  or  semi- 
drcular  perforation.  The  size  of  the  calcified  part  of  the 
tooUi-matrix  which  has  produced  the  coixesponding  absorption  of 


Toi'th  In  (iifTerPiit  stivtresof 
furinatloii  fmiu  nm-  aive- 
oltu  of  die  OftTial :  a  U 
tlie  tm»0  partly  absorbed 
hj  the  pressure  of  6,  the 
■nccraftlonal  tooth ;  below 
which  Is  nguml  c,  the 
germ  of  Uie  next  tooth 
tofoUoir.  T. 
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tlic  previouflly  I'ormed  tooth  on  the  oue  side,  and  of  the  alveolar 

process  on  the  other,  i§ 
represented  in  tlie  ex- 
j)osed  alveolus  of  tig. 
275,  the  tooth  a  hav- 
ing been  displaced  and 
turned  round  to  show 
the  effects  of  the  stiniu- 
lus  of  the  pressure.  The 
size  of  the  perforation 
in  the  tootfa,  and  of  the 
depression  in  the  jaw» 
proves  them  to  haTO 
been,  in  great  part, 
eansed  by  the  soft  ma- 
trix, which  must  have 
proiluced  its  effect  not 
by  mere  mechanical 
seciiooofkmerjsw.witiiteiivMtt  fjrce.     The  resistance 

of  the  wall  of  the  j)ulp- 
cavity  having  l)cen  thus  overcome,  the  growing  tooth  and  its 
matrix  recede  from  the  temporary  alveolar  depression,  and  sink 
into  the  substance  of  the  pulp  contained  in  the  cavity  of  the 
fully  formed  tooth.  As  the  new  tooth,  ib.  c,  grows,  the  pulp  of  the 
old  one  is  removed ;  the  old  tooth  itself  is  next  attacked,  and, 
the  crown  being  undermined  by  the  absorption  of  the  inner  sur- 
£Mse  of  its  base»  may  be  broken  off  by  a  slight  external  force, 
when  the  point  of  the  new  tooth  is  exposed.  The  frail  remains 
of  the  old  tooth  are  sometimes  lifted  off  the  socket  upon  the 
crown  of  the  new  one,  as  in  %.  275,  when  they  are  speedily 
removed  by  the  action  of  the  jaws. 

No  sooner  has  the  young  tooth  penetrated  the  interior  of  the 
old  one  than  another  germ  begins  to  be  developed  from  the  angle 
between  the  base  of  the  young  tooth  and  the  inner  alveolar 
process,  or  in  the  same  relative  position  as  that  in  which  its 
immediate  predecessor  began  to  rise,  and  the  processes  of  succes- 
sion and  displacement  are  carried  on,  uninterruptedly,  throughout 
the  long  life  of  tliese  cold-blooded  carnivorous  Keptiles. 

From  the  period  of  exclusion  firom  the  egg,  the  teeth  of  the 
Cnxodile  succeed  each  other  in  the  vertical  direction;  none  are 
added  from  behind  forward,  like  the  true  molars  in  Mammalia. 
It  follows,  therefore,  that  the  number  of  the  teeth  of  the  Croco- 
dile is  as  great  when  it  first  sees  the  light  as  when  it  has  acquired 
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its  full  size;  and,  owing  to  tlio  r;i|)itlity  of  the  succossion,  the 
ca^nty  at  the  base  of  the  fully  t'ormed  tooth  is  never  coDsolidated. 

The  ibssil  jaws  of  the  extinct  Crooodiliaus  demonstrate  tiiat  the 
same  law  reprulatcd  the  succession  of  the  teeth  at  the  ancient 
epochs  when  those  highly  organised  Reptiles  prevailed  in  greatest 
numbers,  and  under  the  most  yaried  generic  and  specific  modifica- 
tions. Of  these  the  most  remarkable,  in  reference  to  the  dental 
system,  is  the  Galeasaurus,  in  which  ihe  well-marked  differences 
of  size  and  shape  permit  the  division  of  the  teeth,  in  both  upper 
and  lower  jaws,  into  incbors,  canines,  and  molars.  This  is  the 
nearest  approach  to  a  mammalian  type  of  dentition  hitherto  ob- 
served in  the  Keptilian  class.* 

^72,.  Alimnitarj/  canal  of  Fishrs.  —  The  cavity,  commonly 
termed  *  abdMininal/  which  lodges  tlic  main  j)art  of  the  alimentary 
caual  ami  it.s  appendages,  seonis  to  occupy  a  smaller  proportion  of 
the  trunk  in  Fishes,  h^.  270,  /,  //,  /,  than  in  ]?eptiles,  fig.  292, 
fZ,  u\  hy  reason  of  the  slight  and  gradual  contraction  of  the  body 
beyond  the  vent  to  form  the  muscular  organ  of  the  tail-fin:  the 
greater  and  more  abrupt  contraction  of  the  answerable  part  In 
Keptiles  distinguishes  it  more  plainly  as  the  *  tail ' ;  the  '  trunk' 
is  usually  a  longer  segment  of  the  body  than  in  Fishes.  In  these, 
however,  the  abdominal  cavity  commences  immediately  behind  the 
head :  in  most  Beptiles  a '  neck '  intervenes.  In  Fishes  a  thoracic 
or  pericardial  cavity,  fig.  276,  o,  is  partitioned  off  firom  the  fore- 
part of  the  proper  abdominal  one :  and  there  are  in  this  class 
exceptional  examples  of  the  shortest  abdominal  cavity  in  pro- 
portion to  the  length  of  the  body  known  in  the  ^^crtcbrate 
province,  as  c.  g.  in  Gymnotus^  fig.  232,  in  which  the  abdomen  does 
not  extend  into  the  compartment,  b,  much  beyond  the  vent, 
which  is  seen  near  the  angle  of  the  cut  integument,  beneath  the 
mandible. 

The  cavity  containing  the  beginning  of  the  alimentary  canal  is 
called  the  *  mouth.'  This,  in  Fishes,  is  the  common  entry  and 
vestibule  to  both  the  digestive,  fig.  276,  d  io  and  the  respi- 
ratoty,  ib.  ^  «,  organs  ;  It  is,  therefore,  of  great  capacity:  and,  as 
the  teansmission  of  the  food  to  the  stomach  and  of  the  respiratory 
currents  to  the  gills  is  performed  by  similar  acts  of  deglutition, 
the  bony  arches  which  surround  the  mouth  are  not  only  large, 
but  are  complicated  by  a  mechanism  for  regulating  the  transit 
of  the  nutritious  and  oxygenating  media,  each  to  its  respective 
locality.    The  branchial  slits,  in  most  Fishes,  are  provided  with 
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dentideB  and  sieve-like  plates  or  processes,  fig.  85,  63,  to  prevent 
the  entry  of  food  into  the  interapaces  of  the  gills,  and  the  branchial 

276 


II 


outlets  are  guarded  by  yalves  which  reciprocally  preyent  the 
regurgitation  of  the  respiratory  streams  back  into  the  mouth. 
The  necessary  cooperation  of  the  jaws  with  the  hyoid  arch  in 

the  rhythmical  movements  of  respiration  is  incompatible  with 
j)r()tnie'ted  maxillary  mastication;  and,  accordingly,  the  branchial 
apj)aratus  renders  a  cumpi'nsitory  return  by  giving  iij^  as  it  were, 
the  last  pair  of  its  arches  to  the  conipK'tlon  of  the  work  which  the 
proper  or  anterior  jaws  were  compelled  by  their  Hervices  to  re- 
spiration to  leave  untinished  :  and  thus  the  mouth  of  typical  ITishes 
is  closed  at  both  ends  by  dentigcrous  jaws.* 

The  first  portal  to  the  alimentary  tract  is  usually  formed  by  the 
upper  and  lower  jaws,  fig.  276,  a,  b,  and  their  teeth:  the  Gym- 
nodonts  are  so  called  on  account  of  their  conspicuous  manifestation 
of  this  character,  fig.  258.  In  most  Fbhes  the  jaws  are  covered 
by  the  skin^  which,  in  passing  into  the  mouth,  takes  on  the 
character  of  the  mucous  membrane.  In  some  Fishes  the  int^^ 
ment  is  folded  before  passing  oyer  the  jaws,  and  the  arched 
and  fortified  barrier  is  preceded  by  a  fosse  inclosed  by  fleshy  lips. 
The  AVrasses  (^LahridcB),  Mullets  (^Mutfilithv)^  and  the  Carp-tribe 
(()/priiiidcr)  exemplify  this  character.  In  Crenilahrtis,  Chnrops, 
and  Julis,  the  lips  are  plicated.  In  Mu(jil  laheosus  the  thick  upper 
lip  ha8  a  transverse  fold.  In  some  Cj/prinidte  the  labial  organs 
are  developed  to  excess,  as,  for  exani|)le,  in  the  genus  thence 
termed  Laheobarhus,  in  which  the  lips  are  not  only  unusually  thick 
and  fleshy,  but  the  lower  one  is  produced  downward  like  a  pointed 
beard  :  it  forms  a  long  cone  in  Mormyrus  Petersii,  The  labiated 
Fishes  have  not,  however,  so  distinct  a  *  sphincter  oxis'  as 

'  The  Mullets  '  take  in  a  quantity  of  sand  and  mud,  and  after  bftTiog  worked  it 
for  some  time  between  the  pharyngeal  boncs,  the/  ^joct  th«  rOOgllMt  tOd  indigMtiUo 
portion  of  it.'    ciauuv.  iii.  p.  41 1. 
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Mammals  :  nor  does  the  skin,  continued  irom  the  lip  over  the  jaw^ 
show  so  well  the  character  of  the  '  gum.*  Many  Fishes,  espedally 
those  of  the  Cyprinoid,  Mugiloid»  and  Siluroid  families,  have 
fleshy  and  aensitive  labial  barbs  or  cirri ;  those  of  the  Siluroids 
being  supported  by  bony  or  gristly  stems.  Tentacles  depend 
from  the  rostral  prolongation  of  the  Sturgeon,  and  irom  the  man- 
dibular symphysis  of  the  Cod.  The  Lepidosiren  and  Cod  have 
fringed  processes  or  filaments  between  the  teeth  and  lips,  which 
seem  designed  to  asdst  in  testing  and  selecting  the  food.'  The 
lips  of  most  Sharks  and  Bays  are  partially  supported  by  labial 
cartilages. 

The  edentulous  Sturgeon  is  compensated  by  a  pi  odiiced  cartila^ 
ginous  snout,  witli  which  it  upturns  the  mud  in  quest  of  food  at 
the  bottom  of  the  rivers  it  frequents.  The  allied  iSpahtlaria,  in 
which  a  minutely  shagreencd  surface  on  the  jaws  represents  the 
whole  dental  system,  has  had  the  force  of  developement  of  subsi* 
diary  organs  of  alimentation  expended  in  the  production  of  the 
still  more  remarkable  rostrum,  fig.  276,  y,  which  is  broad  and  fiat, 
like  the  mandible  of  a  spoonbill,  and  is  more  than  half  the  length 
of  the  entire  body.  Other  modifications  and  actions  of  the  mouth 
have  been  noticed  in  the  description  of  the  jaws. 

The  conical  lip  of  the  suctorial  Myxinoids,  fig.  248>  sends  off 
from  its  anterior  expanded  border  six  or  eight  long  tentacula :  this 
border  is  iringed  by  numerous  cirri  in  the  Lamprey,  fig.  277,  the 
inner  surface  of  the  lips  is  beset  with  short  branched  tentacles  in 
the  Aiiiiiiocete  :  the  Lancelot  has  more  simple,  but  highly  vascular 
intra-buccal  processes,  fig.  169,  and  the  vertically  fissured 

aperture  of  its  mauth  is  provided  on  each  side  with  a  &eri*js  of 
long  slender  jointed  and  ciliated  tentacula,  ib.^,y,  which  mainly 
tend,  by  the  perpetual  vortex  they  cause  in  the  surrounding 
water,  to  bring  the  animalcular  nutriment  within  the  grasp  of  the 
pharynx,  ph,  the  ori£ce  of  which  is  also  surrounded  by  vibratile 
cilia.  There  is  no  tongue  in  this  rudimentary  fish :  that  organ  is 
often  absent  or  very  small  in  the  typical  members  of  the  Class; 
its  basis^  the  gloasohyal,  when  it  projects  at  all  into  the  mouth,  as 
in  fig.  276,  <r,  is  rarely  coyered  by  integuments  so  organised  as  to 
suggest  their  being  endowed  with  the  sense  of  taste.  Li  AnpiiU 
MiB  the  lingual  membrane  is  raised  by  some  adipose  and  muscuhur 

t  Hir.  Coach  namtw  an  iDttanoe  of  a  large  Cod,  in  good  eonditioD,  taken  on  a 
line  at  F^peno,  Cornwall,  in  which  the  orbits  contained  no  eyeballs,  bat  were  corered 
with  an  opakc  reticulated  skin.  So  that  he  felt  convinced  that  •  eyes  ncrer  had 
existed  ;*  yet  the  fish  yvm  in  good  condition,  and  must  have  depended  on  the  tactile 
organs  about  the  mouth  ior  the  discoverj  of  its  food.    ZCTiu.  p.  72. 
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tissue.  But  the  surfUi'e  of  tlio  iiromiiient  tongue  is  generally 
callous,  and  either  smooth  and  devoid  ol*  papilla;,  or,  ii'  tlic  rcpre- 

277 


Vcrticjil  Ki'cUou  or  luoutb,  Lamrn-y.  v. 

sentatives  of  these  be  present,  tliej  are  oidoifiedand  the  tongue  is 
beset  with  teeth.  It,  then,  seizes  and  passes  the  food  on  to  the 
gullet;  but  the  supporting  arch  of  tlie  tongue,  fig.  85,  89-40,  works 
chiefly  for  respiratory  purjx)ses.  In  the  Lamprey,  the  tongue,  fig. 
277,  dy  is  more  exclusively  related  to  the  digestive  function  than 
in  higher  Fbhes :  it  can  be  protruded  and  retracted,  like  a  piston, 
when  the  sucker  is  attached  to  the  prey ;  and  it  is  armed  by  small 
serrate  teeth  for  tearing  the  fiesh.  In  a  few  Fishes  the  int^u- 
ment  of  the  palate  presents  that  degree  of  vascularity  and  supply 
of  nerves  which  indicates  some  selective  sense,  analogous  to  taste. 
In  the  Cyprinoids  the  palate  is  cushioned  with  a  thick  soft 
vascular  substance,  exuding  mucus  by  numerous  minute  pores, 
but  more  remarkable  for  its  irritable  erectile  or  contractile 
property :  *  if  any  part  of  this  be  ])ricked  in  a  live  Carp,  the  part 
rises  immediately  into  a  cone,  which  slowly  subsides ;  this  peculiar 
tissue  is  richly  supplied  by  branches  of  the  glosso-pliaryngeal 
nerves :  it  may  assist  in  the  requisite  movements  of  the  vegeti^le 
food,  as  well  as  add  to  it  an  animalising  and  solvent  mucus,  whilst 
it  is  undergoing  mastication  by  the  pharyngeal  teeth.  In  the 
Gymnotus  there  arc  four  series  of  branched  flediy  processes  in  the 
mouth,  one  upon  the  dorsum  of  the  tongue,  a  second  depending 
from  the  palate,  and  one  along  each  side  of  tiie  mouth. 

The  only  representatives  of  a  salivary  system  in  Fishes  arc  the 
mucous  foUides  that  communicate  with  the  mouth.*    The  chief  of 

*  xonc. 

'  The  reddish  vascular  body,  discovered  bj  Betiiits  (cxxi.)  between  tbe  bed* 
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these,  in  the  Lamprey^  open  into  a  pair  of  membranous  pouches, 
which  discharge  the  secretion  each  by  a  small  orifice  below  the 
aide  of  the  tongue  J 

There  are  neither  tonsils  nor  velum  palati  in  Fishes :  the  folds 
of  membrane  behind  the  upper  and  lower  jaws,  of  which '  internal 
lips*  the  Sword-fish  and  Dory  afford  good  examples,  seem  intended 
to  prevent  the  reflux  of  the  respiratory  streams  of  water  rather 
than  the  escape  of  food  firom  the  mouth.  In  the  Lepidosiren  these 
folds  or  inner  lips  are  papillose  and  glandular.  That  of  the 
upper  jaw  in  the  Bay  has  a  marginal  fringe. 

In  ihe  aberrant  Dermopteri  and  IKaposiomi,  at  the  two  extremes 
of  the  class,  in  which  there  are  numerous  branchial  apertures  on 
each  side,  and  the  respiratory  streams  do  not  necessarily  enter  by 
the  mouth,  the  last  pair  of  branchial  arches  are  not  metamorphosed 
into  pharyngeal  jaws,  and  the  entry  to  the  gullet  is  simply  con- 
stricted by  a  sphincter ;  in  the  Lepidosiren  it  is  further  defended 
by  a  soft  valvular  fold  like  an  epiglottis.* 

The  alimentary  canal  is  usually  short,  simple,  but  capacious,  in 
Fishes  ;  in  a  few  instances,  e.g.  Branehiostoma  (fig.  169,  ph,  as), 
Myxinoids,*  Exocetus,  Lepidosiren,*  it  extends  in  almost  a  straight 
line  from  the  pharynx  to  the  anus :  but  it  is  generally  disposed  in 
folds  and  sometimes  in  numerous  convolutions.  Jjl  Dermopieri 
the  stomach  is  hardly  defined :  in  the  rest  of  the  class  the  alimen- 
tary canal  is  primarily  divided  into  a  gastric  and  an  intestinal 
portion  by  the  constriction  called  *  pylorus/  fig.  281,  The  gastric 
portion  is  sul)(rivlded  into  *  oesophagus,'  ib.  a,  and  stomach,  ib.  b, 
the  boundary  line  Ijcing  more  commonly  indicated  by  a  change  of 
structure  of  the  lining  membrane  than  by  a  cardiac  constriction: 
the  inte^tiual  portion  is  subdivided  into  a  *  small '  and  a  *  large 
intestine;'  the  latter  usually  answerlnj^  to  the  '  intestinum 
rectum,'  and  the  boundary,  wlicn  well  defined,  being  a  constric- 
tion and  an  internal  valvular  Ibid ;  but  very  rarelv  marked  by 
an  external  caxnun.  From  the  oesophagus  the  al i in eiitary  canal  is 
situated  vvlu.liv  or  in  part  in  the  alidominal  cavity,  to  the  walls  of 
which  it  is  u.-nally  suspended  by  mesogaatric  and  mesenteric 
dn|>lieatures  of  the  peritoneal  lining  mcml)rane  of  the  abdomen. 
W  hen  not  wholly  so  situated,  the  part  extends  beyond  the  i)eri- 
toneal  region  into  the  muscular  mass  of  the  tail ;  a  poriiou  of  the 

branchials  and  the  sterno-hjroid  musclea  in  Cartilaginoua  Fishes,  and  which  exists  also 
in  Gadus,  Sal$Ho,  aad  some  other  Osnodt  Fisliet»  hat  been  compared  to  a  rabliDgnal 
nliTary  gland:  bnt  it  it  a  **Taao-ganglion*'  like  tbe  thyroid. 

'  ccxxiv.  '  xxxiTi.  p.  342,  fig.y,  d, 

»  XXI.  Nenrologie»  Ub.  iii.  fig.  6.  *  xxxin.  pi.  25. 
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intestine,  for  example,  lies  between  the  Hc^ht  myocommata  and 
the  hipmal  ppines  in  the  Sole.  The  peritoueal  serous  membrane. 
vrh\ch  dotines  the  abdominal  cavity,  extends  anteriorly  to  the 
poricurdinm,  from  which  it  is  separatetl  by  a  double  aponeurotic 
eeptum,  fig.  276,  o:  it  is  continued  alonj^  the  back  over  the  ventral 
Biu^ace  of  the  kidneys  and  the  air-bladder,  when  this  exists,  a  little 
way  beyond  the  anuB^  and  is  reflected  upon  the  alimentarj  canal, 
ib.  cf,  I,  the  liver,  /,  /,  the  spleen,  n,  the  pancreas,  k,  or  its  csDcal 
substitates,  the  ovaria  or  testes,  and  the  urinaiy  bladder,  if  this  be 
present*  In  many  Fishes  the  peritoneum  does  not  form  a  dbot 
sac,  but  communicates  with  the  external  surface,  by  one  {tnAix 
{Branehwtiama,  fig.  169,  od,  Lepidasiren,  xxxiii.  pi.  25,  fig.  1, 
a),  or  two  (Lamprey,  Eel,  Salmon,  Sturgeon,  Planiroetra, 
Chimam,  and  Plagiostomes,  fig.  352,  p,  p\  situated,  except 
in  the  Lancelet,  in  or  near  the  cloaca :  the  membrane  in  the 
neighbourhood  of  these  orifices  is  beset  with  ^dljiaiih  cilia.* 
The  jveritoneal  orifices  p^ive  exit  to  the  generative  pi\Hlucta 
(milt  or  mo)  in  the  Lancelet,  Myxinoids.  T^ainpreys,  Mura^nida&, 
and  Saliii<»iiida%  but  not  in  the  Ijepidosireu  and  Plapfio? tomes. 
In  the  Myxinoids,  Ammocetes,  Sturgeons,  Chuuiera?  and  Pla- 
giostomes, the  peritoneiun  commumcates  also  with  the  peri- 
cardium.* 

The  jaws  and  ynouth  arc  subservient  in  most  Fi^es  to  the 
respiratory  as  well  as  the  digestive  functions :  in  the  Lancelet, 
this  community  of  offices  extends  through  a  great  part  of  the 
aHmentary  canal,  which  is  dilated  into  a  capacious  sac,  and  is 
richly  provided  with  branchial  vessels  and  vibratile  cilia  arranged 
along  transverse  linear  defb,  by  which  the  water  escapes  into  a 
surrounding  cavity !  (the  arrow  a  extends  from  the  pharynx  into 
the  intestine  in  fig.  169;)  the  cDsophageal  portion  of  the  alimen- 
tary canal  is  here  seen  to  be  longer  than  the  whole  gastric  mid 
intestinal  portions.  In  the  Cyclostonics  lateral  diverticula  nre 
derived  from  the  <Tso])hagns  and  metamorphosed  into  s}  !  i  ial 
respiratory  sacs,  coniniuiucatliig  by  narrow  canals  both  with  the 
cesopbngus  and  with  the  external  surface,  fig.  315,  f,  w,  h:  in  other 
Fishes  the  respiratory  apparatus  is  more  concentrated  and  brought 
more  forward,  so  as  to  communicate  with  the  pharynx,  and  to 
leave  the  oesophagus  free  for  the  exclusive  transmission  of  food  to 
the  stomach. 

The  OBBophagus,  fig.  279,  d,  is  usually  a  short  and  wide  funnel- 
shaped  canal  with  a  thick  muscular  coat  and  a  smooth  epithelial 

'  0QZZ3UV.  p.  sea  «  uoz.  pL  s. 
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lining,  more  or  less  longitudmaUy  folded  to  admit  of  increased 
capacity  for  the  deglatition  of  the  often  unmaaticated  or  undivided 
food.  The  muscular  fibres  are  arranged  in  different  fasciculi,  the 
outer  ones  being  usually  circular,  the  inner  ones  longitudinal. 
Some  fasciculi  from  the  abdominal  vertebra3  arc  attached  to  the 
cESophagus  in  the  Coitus  scorpins,^  The  cardiac  half  of  the 
oesophagus  is  characterised  by  increasing  ^\  idth  in  most  Cyprin" 
ida',  and  by  a  more  vascular  or  otherwise  modified  texture  in 
the  PJinryngognathi,  Lnphohranchii,  the  Gohioids,  Blennies, 
J^lying-fish,  Garfish,  and  some  others.  The  inner  sur^e  of  the 
oesophagus  sends  off  short  processes,  papilliform  in  Box  and  Cano, 
obtuse  in  Aeipenser,^  hard  and  almost  tooth^like  in  RlwnUms  xaw 
thurus,  Stromataus^atola,  and  Tetragonurus.  The  inner  eurfiuse 
of  the  gullet  presents  longitudinal  papillose  ridges  in  Fkmirasira, 
But  the  most  striking  peculiarities  of  the  assophagus  are  met  with 
in  the  Plagiostomes.  A  layer  of  grey  parenchymatous  substance 
is  interposed  between  the  muscular  and  inner  coats  at  the  cardiac 
half  of  the  oesophagus  in  the  Torpedo,  Numerous  pyramidal 
retroverted  processes,  jagged  or  fringed  at  their  extremity,  project 
from  the  inner  smlace  of  the  oesophagi- u.s  in  the  Dog-fish  {Spinax 
acanthins),^  and  some  other  Sharks,  fig.  278,ff.  In  the  great  Backing 
Shark  {Selache)  the  homoioguiis  processes  near  the  cardia  acquire 
unusual  length,  dividing  and  subdlvidurg  as  they  extend  inwards, 
so  that  tlie  cardiac  opening  is  surrounded  by  ramified  tufts  directed 
towards  the  stomach.^  This  valvular  mechanism^  fig,  278,  would 
prevent  the  return  of  such  fishes  or  moUusks  as  may  have  been 
swallowed  alive  and  uninjured  by  the  small  obtuse  teeth  of  this 
great  Shark.  In  many  Osseous  Fishes  we  may,  finally,  notice 
the  communication  of  the  ^  ductus  pneumaticus '  with  the  ceso- 
phagua,  usually  by  a  small  simple  foramen ;  but  provided  with 
special  muscles  in  ihe  Lepidosteus,  where  it  opens  upon  the 
dorsal  aspect  of  the  aesophagus,  and  with  a  sphincter  and  cartilage 
in  the  Polypterus,  and  Lepidosiren,  where  it  communicates  like  a 
true  glottis  with  the  ventral  surface  of  the  beginning  of  the 
oesophagus.  In  the  Globe-fishes  {Diodon,  Tetrodini)  the  great 
air-sac  seems  to  be  a  more  direct  dcvclopemcnt,  as  a  cul  de  sac, 
of  the  ccsojihagus.'  These  singular  fishes  iiluw  theuiseives  up 
by  swallowing  the  air,  whicli  escapes  through  a  large  anterior 
obHque  orifice  into  the  sac:  and  this  again  communicates  with 

1  yrix  "  XX.  vol.  i.  p.  TiTi.  prep.  no.  463. 

»  lb.  I  r<  p  no.  r)64.  *  lb.  prep.  no.  464.  A. 

•  lb.  vol.  ill.  p.  271,  pi.  47,  preps.  nos.  2093—2095. 
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the  forepart  of  the  ooBoplmgus  by  a  aeoond  orifice  mnck  smaDer 
than  the  first,  and  having  a  tumid  valvuhur  margin. 

The  cardiac  orifice  of  the  stomach  is  occasionally  defined  by  t 

constriction,  as  in  the  Planirostra  and  Mormvrus,  fi<x.  280 :  but 
an  increased  expansion  with  increased  vascularity  and  a  more 
delicate  epithelial  linin<j  of  the  mucous  membrane  more  usually 
indiciite,  in  Fishes,  the  beginning  of  the  digestive  cavity.  The 
stomach  is  a  simple  and  commonly  an  ample  cavity,  with  a 
great  disproportion  in  the  diameters  of  the  cardiac  and  j)yloric 
orifices ;  in  the  Cornish  Porbeagle-Shark,  for  example,  the  cardiac 
entry  will  readily  admit  a  child's  head,  whilst  the  pyloric  outlet 
will  barely  allow  of  the  passage  of  a  crow-quilL 

There  are  two  ])rcdominant  fonns  of  the  stomach  in  Fishes,  riz. 
the  *  siphonal '  and  the  *  ctecal.'  In  the  first  it  presents  the  form  of 
a  bent  tube  or  canal,  as  in  the  Turbot,  fig.  287,  o,  b.  Flounder, 
Sole,  Cod,  Haddock,  Salmon,  fig.  286,  a,  6,  Carp,  Tench,  Ide,  Lump- 
fish,  File-fish,  Lepidosteus,  Sturgeon,  Paddle-fish,  and  most  PkgKH 


278 


Atlmentary  canal  of  SIuuIc  ccum. 


stomes,  hg.  278:  in  the  second  form  the  cardiac  division  of  the 
stomach  terminates  in  a  blind  sac,  and  the  sbort  j)yloric  portion  is 
continued  from  its  right  side,  as  in  the  Perch,  the  Scorpaena,  the 
Gurnards,  the  Bull-heads,  the  Smelts,  the  Whiting,  fig.  285,  the 
Angler,  the  Pike,  the  Lucioperca,  the  Sword-fish,  fig.  282,  the 
Silums,  the  Herring,  the  Sprat,  fig.  288,  the  Pilchard,  the 
Conger,  the  Muracna,  and  the  Polyptenis,  fig.  279.  A  transi- 
tional form,  in  which  the  pyloric  end  is  bent  so  abruptly  upon 
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the  cardiac  as  to  make  the  ctccal  character  of  the  hitter  doubtful, 
is  presented  l)y  the  short  and  capacious  stomach  of  the  Burbot,  the 
JUeiiny,  and  the  Crynmutus.     In  the  Alormyrus 
tiic  stomach  presents  the  rare  form  of  a  globular 
sac,  fig.  280,  e.    In  the  siphonal  stomach  of  the 
Cijpriniihn  and  Balistidw  the  pylorus  is  little  if  at 
all  discernible,  and  the  transition  into  intestine  is 
graduaL    In  the  Salmon  the  intestine  is  indicated 
by  the  pyloric  appendages^  fig.  286,  c.  m  the 
Sharks  there  is  a  tnie  pylorus,  and  in  Selache,  fig. 
278»  an  interposed  pouch.    Where  the  osscal  cha- 
racter of  the  stomach  is  well  marked^  the  length  of 
the  blind  end  of  the  oardia  yaries  considerably. 
In  the  Turbot  it  is  wide  and  short,  fig.  287,  h ; 
in  the  Sand-lance  {Amnwdytes)  it  is  very  large  :  in 
the  Polypterus,  fig.  279,      Conger,  and  Sword- 
fish,  fiir.  282,  it  forms  almost  the  whole  of  the 
elungated  stomach,  the  short  pyloric  portion,  fig.  279,/,  being 
continued  from  near  its  commencement:  in  the  equally  ehnigated 
stomach  of  the  Pike,  the  pyloric  portion  is  continued  from  the 
cardiac  sac  at  a  little  distance  from  its  blind  end ;  the  Herring, 
Sprat»  fig.  288,  Whiting,  fig.  285,  Gurnard,  and  Scorpa3na  show 
an  intermediate  position  of  the  pyloric  portion,  and  this  is  usually 
attended  with  a  shorter  and  wider  form  of  the  cardiac  cascum. 
The  pyloric  portion  is  usually  slender,  fig.  278,  c,  or  conical,  figs. 
285,  287 ;  but  it  diktes  into  a  wide  sac  in  Stargui  and  Lophius ; 
and  forms  a  small  OTal  pouch  in  Tracht/pterus, 
In  certain  Fishes  the  stomach  dcTiates  finom 
either  into  the  extreme  of  simplicity  or  the 
converse,  without,  however,  attaining  in  any 
species    that   degree   of   complexity  which 
characterises  some   of  the  hi<;her-or":anised 
Vertebrates.    A  proper  gastric  compartnu^it  of 
the  alimentary  canal  cannot  be  said  to  exist  in 
the  Lancelet :  the  long  cajcum,  fig.  169,  hd,  I, 
continued  from  it  just  beyond  the  cardia, 
appears  to  be  a  simple  form  of  liver.    In  the  higher  Dermopterif 
as  the  Sand-prides,  the  Myxines,  and  the  Lampreys,  as  also 
in  CobiHt  and  Lepidonren^  the  stomach  is  continued  straight 
firom  the  cesophagus  to  the  intestine.    I  have  found  the  caper 
cious  cardiac  division  of  the  stomach  of  the  Lophius  partially 
divided  into  two  sacs;  the  unusually  wide  and  short  pyloric 
portion  forming  a  third  sac:  there  may  also  be  observed  a  few 
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obtose  proceflaes  firom  the  inner  aide  of  the  cardia  in  this  fish*  In 
the  Gilbioo  Trout  the  ascenduig  or  pyloric  half  of  the  bent  or 
fliphonal  stomach  has  its  muscular  parietes  mmsnaUy  thidcenedi, 
by  which  it  is  enabled  to  bruise  the  shells  of  the  small  flariatile 
testaceans  that  abound  in  the  streams  to  which  this  Tariely  of 
trout  is  peculiar.^  The  pyloric  portion  of  ihe  stomach  is  yeiy 
muscular  in  the  Indian  Whiting  {Johnius),  and  in  some  species  of 
Scomber :  but  the  modification  which  giyes  the  stomach  the  true 
diaracter  of  a  gizzard  is  best  seen  in  the  Mullets  {Muifit).  The 
cardiac  portion  here  forms  a  long  cul  de  sac ;  the  pyloric  part  is 
continu^  from  the  cardiac  end  of  tins  at  right  angles,  and  is  of  a 
conical  figure  externally ;  but  the  cavity  within  is  reduced  almost 
to  a  linear  fissure  by  the  great  devdopement  of  the  muscular 
parietes,  which  are  an  inch  thick  at  the  base  of  the  cone ;  and  this 
part  is  lined  by  a  thidc  homy  epithelium.*  In  the  Herring  ihe  ductus 
pnemnaticus  of  the  swim-bladder  is  contmued  from  the  attenuated 
extremity  of  the  cardiac  end  of  the  stomachy  fig*  281,  &.  In  the 
Badctngnahaik  the  contracted  pyloric  divirionof  the  stomach,  figs. 
278,  r,  and  284,  /,  communicates  by  a  narrow  aperture  with  a 
second  small  rounded  caTity,  fig.  284,/',  which  opens  by  a  narrow 
pylorus  into  the  short  and  capacious  duodenum,  fig.  278,/,  284,  g. 

Such  are  the  observed  extremes  of  the  modifications  of  the 
stomach  in  Fishes,  Avhich  it  will  be  seen,  therefore,  arc  far  from 
accordin^r  with  or  parallelin*:;  those  of  tlie  dental  systcni.  There 
is  often,  indeed,  no  essential  ditlcrcuce  of  form  in  the  stomach  of 
a  fish  with  exclusively  laniary  teeth,  e.g.  the  carnivorous  Salmon, 
and  in  that  of  one  witli  exclusively  molar  teeth,  e.g.  the  herbi- 
vorous Carp.  The  ^Etobates,  whose  teeth  form  a  crushing 
pavement,  has  a  stomach  similar  in  shape  and  size  to  that  in  the 
conunon  Ray,  in  which  every  tooth  is  conical  and  sharp-pointed. 

The  inner  surface  of  the  stomach  presents  few  modificatiom^  in 
Fishes:  it  is  usually  smooth;  rarely  reticulate,  as  in  the  Gym- 
notus ;  still  more  rarely  papillose.  The  lining  membrane  is 
thrown  into  wavy  louf^itudinal  rugie  in  the  cardiac  jHtrtion  of 
the  stomach  of  most  Sliarks,  278.  The  jorastric  follicles  are 
conspicuous,  especially  in  the  jnioric  portion  of  the  stomach  in 
many  Fishes,  as,  e.  g.,  the  Guruar*l>,  I  >](  nnies,  and  Lumi*-^uekers, 
The  circular  j»yloric  valve  is  connnonly  well  developed,  and  has 
sometimes  a  fimbriated  margin.  The  solvent  power  of  the  pistric 
secretion  is  conspicuously  exemplified  in  Fishes :  if  a  voracious 
species  be  {•a|)tured  after  ha\'ing  swallowed  its  prey,  the  j)art  lodged 
in  the  stomach  is  usually  found  more  or  less  dissolved,  whilst 
*  xcu.  p.  126.  '  XX.  vol,  i.  j».  141,  prep.  no.  SOS. 
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tliat  whicli  is  in  the  (psophagus  may  be  entire;  and,  in  spr ( imona 
dissected  some  hours  after  death,  one  may  olisi  rve  what  liuiiter 
so  well  describes,  '  the  tlijj;estinp;  part  of  the  stomacli  itself  reduced 
to  the  same  dissolved  state  as  the  digested  part  of  the  food.'* 

The  muscular  actioii  of  a  fishes  stomach  consists  of  vermicular 
oontractionSy  creeping  slowly  in  continuous  succession  from  the 
caxdia  to  the  pylorus;  and  impressing  a  twofold  gyratory  motion 
on  the  contents :  so  that^  while  some  portions  are  proceeding  to 
tiie  pylorus*  other  portions  are  returning  towards  the  cardia. 
More  direct  constrictiye  and  dilative  moTcments  occur*  with  in- 
tervals of  repose,  at  both  the  orifices*  the  vital  contraction  being 
antagonised  by  pressure  firom  within.  The  pylorus  has  the  power* 
very  evidently,  of  controlling  that  pressure,  and  only  portions  of 
completely  comminuted  and  digested  food  (chyme)  are  permitted 
to  pass  into  the  intestine.  The  cardiac  orifice  appears  to  have  less 
control  over  the  contents  of  the  stomach  ;  coarser  portions  of  the 
food  from  time  to  time  return  into  the  oesophaf^iis,  and  are  brought 
airnin  within  the  s])here  of  the  j)harynn;eal  jaws^  and  subjected  to 
their  masticatory  and  comminuting  operations.  The  Fishes  which 
afibrd  the  best  evidence  of  this  ruminating  action  are  the  Cy* 
prinoids,  (Carp*  Tench*  Bream*)  caught  after  they  have  fed 
voradously  on  the  ground-bait  previously  laid  in  their  feeding 
haunts  to  insure  the  angler  good  sport  A  Carp  in  this  predica- 
ment laid  open*  shows  well  and  long  the  peristaltic  movemento 
of  the  alimentary  canal ;  and  the  successive  regurgitations  of  the 
gastric  contents  produce  actions  of  the  pharyngeal  jaws  as  the 
half-bruised  grains  come  into  contact  with  them*  and  excite  the 
angular  tumefaction  and  subsidence  of  the  irritable  palate,  as 
portions  of  the  regurgitated  food  arc  pressed  upon  it.  The 
shortness  and  width  of  the  oosophagus,  the  masticatory  me- 
chanism at  its  commencement,  and  its  direct  terminal  con- 
tinuation with  the  cardiac  portion  of  the  sti^iuach,  relate  to  the 
combination  of  an  act  analogous  to  rumination,  with  tlio  oi  Jinary 
processes  of  digestion,  in  all  Fishes  possessing  those  concatenated 
and  peculiar  structures.  Sometimes  the  Fishes,  as,  for  example, 
the  Sturgeon*  the  Paddle-fish*  the  Dog-fish*  and  the  Selache* 
whose  cesophagus  is  best  organised  to  prevent  regurgitation  from 
the  stomach*  are  devoid  of  the  pharyngeal  jaws  and  teeth. 

Fishes  disgorge  the  shells  and  other  indigestible  parts  of  their 
food :  and  when  hooked  or  netted*  sometimes  empty  their  stomach 
by  an  instinctive  act  of  fear*  or  to  ftcilitate  escape  by  lightening 
their  load. 

»  xcii.  p.  120. 
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The  intestanal  canal  is  shorter  in  Fishes  generally  than  in  the 
higher  Yertebntes:  in  the  DermopteriyPlagioetomes,  Holooej^iali, 
Starionids,  Paddle-fish^  fig,  276,  /  to  i,  the  Lepidoaren,'  the 
Flying-fish,  the  Loach,  the  Ghurinke,  the  Wolf-fish,  the  Salmon, 


281 


1^  4^3  y»  « 
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Abdominal  Tiion*,  Herrtny.  cxri. 

the  Herring,  fig.  281,  and  the  apodal  fishes,  it  is  shorter  than  the 
body  itself:  in  some  of  the  above-dted  examples  the  intestine 
extends  in  a  straight  line  firom  the  pyloros  to  tiie  anus,  fig.  281, 
c,  e,/;  in  most  fishes  it  i)rc8ents  two  or  three  folds ;  the  Sun-fish 
( Orthoffariscus)  shows  about  six  longitu^nal  ones :  the  intestine 
is  sinuous  in  the  Sword-fish,  fig.  282,  / ;  ooncentricallj  and 
subspirally  wound  in  the  Mullet,  in  which  the  convolndons  are 
numerous  and  form  a  triangular  mass ;  and  it  is  in  this  fuciyorons 
fish,  in  the  Chastodonts,  and  the  Carp-tribe,  that  the  intestinal 
canal  attains  its  greatest  lengtli  in  the  present  daas. 

With  a  few  exceptions,  of  wluch  the 
Dermopteri  and  the  Lepidosiren  are 
examples,  the  intestines  are  divided 
into  *  small,'  and  *  large/  The  begin- 
ning of  the  small  intestine,  to  which  is 
arbitrarily  given  the  name  of  '  duode- 
num,' fig.  278,  /,  fig.  281,  r,  r,  is  usually 
wider  than  the  rest  of  that  division 
of  the  canal :  it  receives  the  ducts  of 
the  liver  and  pancreas ;  and,  in  most 
Osiseous  Fishes,  that  of  the  caica,  fig. 
281,  r/,  which  are  usually  teniied,  from 
their  communication  with,  or  develope- 
ment  from,  the  commencement  of  tiie 
small  intestine,  *  appendices  pylorica?.* 
The  termination  of  the  small  intestine 
is  commonly  marked  by  a  circular 
valve.     In  the  Bogue- bream  {Box 

<  xzzin.  pi.  26,  figf.  1  and  2. 
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vulrjaris)  and  the  Floiiiuler,  there  is  a  small  cjBcal  process  at 
the  commencement  of  the  large  intestine ;  there  are  two  short 
cases  at  the  same  part  in  Box  Salpeu^  The  large  intestine  is 
usually  short  and  straight  in  Fishes,  answering  to  the  rectnm 
of  higher  animals,  fig.  282,/,  In  some  Fishes,  e.  g.,  Sahno^ 
Clupea,  £sax,  AnablepMf  Anarrhtchas,  and  the  Gjmnodonts,  it 
preserves  the  same  diameter  as  the  small  intestine,  and  the 
tenn '  large '  becomes  arbitraiy:  in  GasUroiteuM,  Centriscw,  Otira- 
cum,  Balistes,  and  SyugnaiUius,  it  is  even  narrower  lhan  the 
'smaU  intestine;^  but  most  commonly  it  is  wider,  as  in  the 
Pcrcoid  family,  the  Gurnards  (Trifflida),  the  IJreams  (S/jnridcB), 
Scicena,  Scomber,  Coffi/s,  Labru&y  Pleuronectes,  Gadus,  J.oji/nus, 
Ct/clopterus,  the  Siluridce,  the  Plagiostomi,  and  the  IHanirostra^ 
fig.  276, 

The  tunics  of  the  intestinal  canal  consist  in  Fishes,  as  in  otlicr 
Vertebrates,  of  the  peritoneal  or  serous,  the  muscular,  and  the 
mucous  coats,  with  their  intervening  cellular  connecting  layers, 
and  the  epithelial  lining;  the  muscular  and  mucous  coats  are 
commonly  thicker  and  of  a  coarser  character  than  in  the  warm- 
blooded classes ;  pigmental  cells  are  not  unfrequently  developed 
in  the  serous  coat;  the  epithelial  scales  of  the  intestine  of  the 
Lancelet  support  vibratile  cilia. 

The  muscular  fibres  are  arranged  in  a  thin  outer  longitudinal  and 
a  thick  inner  circular  stratum  (Sturgeon) ;  *  the  elementary  fibres 
in  general  i)resent  the  smooth  character  of  those  of  the  involun- 
tary system ;  but  Keichert  luis  detected  the  transversely  striatiid 
fibre  in  the  muscular  tunic  of  the  whole  tract  of  the  intestine 
in  the  Tench. 

The  mucous  membrane  presents  nTunerous  nioditications,  some 
of  them  more  complex  and  remarkable  tlian  in  any  of  the  higher 
Vertebrates.  It  is  commonly  thick  and  glandular,  and  always 
highly  vascular.  In  the  small  intestines  it  presents,  in  some 
Fishes  (Cod),^  a  smooth  and  even  surface;  in  some  it  is 
produced  into  obliquely  longitudinal  or  wavy  folds  ;^  in  the 
Hernng  it  presents  feeUe  transverse  ruga ;  in  many  Fishes  it  is 
reticulate,  as  in  the  Wolf-fish  *  and  Murmna ; '  this  character  is 
present  in  the  peculiarly  thick  and  parenchymatoid  mi^cons  tunic 
of  the  small  intestine  of  the  Sturgeon,  where  the  larger  meshes 
include  irregular  spaces,  subdivided  into  smaller  cells. ^  In  a  lew 
Fishes  the  mucous  membrane  is  coarsely  villo^e  or  papillose.  In 

*  xxxin.  t.  vl  pp.  624^  970.   *  ZX.  vol.  i.  p.  200,  pfept.  008.  637,  6S9.   *  XGiu.  p.  86. 

*  XX,  vol  i.  p.  1  an,  prep.  no.  683.  » lb.  Tarbot,  prep.  no.  684,  Salmon,  prep.  no.  68S. 
'  lb.  prep.  no.  63a  *  lb.  prep.  no.  631.  •  lb.  prep,  aa  638. 
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Ortluigorisoiis  it  is  botli  reticulate  and  viUoiu*  the  villi  being 
longest  at  the  beginning  of  the  oanaL   There  is  often  a  well- 
marked  difference  in  the  character  of  the  lining  membrane  of  the 
small  and  large  intestines :  thus,  in  the  Salmon,  the  mgsB  become 
fewer,  larger,  and  less  obHqne  as  they  approach  the  rectum ;  the 
commencement  of  this  intestine  is  marked  by  a  large  transverse 
£)ld  or  circular  valve,  which  is  succeeded  by  several  others  lees 
produced,  and  resembling  the  valvulsB  conniventes  in  the  human 
jejunum.'    The  straight  'large  intestine,'  which  is  relativelj 
longer  in  the  Amia,  Polypterus,  Paddle-fish,  fig.  276,A,t,  Sturgeon, 
and  Chimanras,  is  characterised  by  the  continuity  of  such  transverse 
folds  as  tiiose  in  the  Salmon,  |aoducing  an  uninterrupted  spiral 
valve  of  the  mucous  membrane.    In  the  Lepidosiren  the  entire 
tract  of  the  straight  and  short  intestine  is  traversed  by  this  pecu* 
Harly  piscine  extension  of  the  inner  coat.*    The  spiral  valve 
characterises  the  larj^e  intestine,  fig.  278,  k,  in  all  the  Plagiostomes, 
aud  establishes  the  essential  difference  between  the  short  and 
apparently  simple  intestinal  canal  of  these  cartilaginous  fislicii,  and 
that  of  the  low-organised  MyAiuoid  species. 

The  true  homologue  of  the  small  intestine  is  extremely  short  in 
the  Plagiostomes ;  it  is  narrow  in  the  Rays,  expanded  and  some- 
times sacciform,  fig.  284,^,  in  the  Sharks,  where  it  seems  to  form 
the  commencement  of  the  suddenly  expanded  large  intestine: 
this  is  straight,  uiui  though  constituting  the  chief  extent  of  the 
intestinal  canal,  it  is  very  short  in  pro|M3rtion  to  the  body  ;  not 
exceeding,  for  example,  one  eigrhth  of  the  entire  length  of  the 
body  in  the  Alojnas  or  i  ox-.shiiik.  The  economy  of  space  in 
the  abdominal  cavity  is,  however,  effected  at  the  exj)ense  of  the 
serous  and  muscular  coats,  not  of  the  mucous  membrane.  The 
required  extent  of  secrctinsr  and  absorbing  superficies  is  gained 
by  raising  or  drawing  inwards,  from  the  intestinal  parietea,  the 
mucous  membrane  in  a  broad  fold  at  the  beginning  of  the  large 
intestine,  and  contimiini:^  it  in  spiral  volutions  to  near  the  anus. 
The  coils  mav  be  ciiIk  r  longitudinal  and  w^ound  vertically  about 
the  axis  of  the  Intestinal  cylinder,  or  they  may  be  transverse  to 
that  axis.  In  the  first  case,  when  the  gnt  is  slit  open  lengthwise, 
the  whole  extent  of  the  fold  may  be  uncoiled  and  spread  out  as  a 
broad  sheet;  and,  if  the  gut  be  divided  transversely,  the  cut 
edges  of  the  valve  present  a  spiral  disposition,  as  in  fig.  283. 
The  longitudinal  form  of  the  spiral  valve  may  be  seen  in  the 
squaloid  genera  Carckarias,  ScoHodon,  Galeocerda,  Thaiassorhintts^ 

*  XX.  Tol.  I  p.  199,  prep.  no.  635.  *  xxxui.  p.  343,  pL  25*  fig.  3. 
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And  ZygtBMu^   In  the  second  and  more  oommon  modifioationy  the 
fold  of  rnuoous  membrane  is  disposed  in  dose 
transyerse  ooUsj  as  shown  in  the  longitudinal 
section  of  the  Selache's  gut,  fig.  284,  A ;  and  a 
transYerse  section  exposes  only  the  flat  sorfaoe  of 
one  of  the  coils.    In  the  Fox-shark  (Alopias 
Vulpes) ;  the  valve  describes  thirty-four  circum-  spinu  viiw,  anmu, 
gyrations  within  seven  inches'  extent  of  the 
intestine  ;  the  mucous  membrane  is  niinutelv  honeycombed :  a 
few  scattered  fibres  of  elastic  or  involuntary  muscular  tissue  may 
be  traced   in   the  vasculo-cellular 
layer  included  within  the  mucous 
fold,  and  they  form  a  slender  band 
within  the  free  border  of  the  valve, 
retaining  much  elasticity  in  the  dead 
intestine,  and  drawing  that  border 
into  testoons.    Besides  Selache,  fig. 
2H4,  A,  and  Alopias,  the  spiral  valve 
is  transverse  in  Galeus,  Lamnaf  and 
all   the  Dog-fishes   (^Scylliidoi  and 
Spinacidcp).  The  trunk  of  the  *  arteria 
meseraica  intestinalis,'  and  that  of 
the  corresponding:  veins  of  the  longi- 
tudinally convt)luted  valve,  run  along 
its  free  thickened  border,  and  the 
vein  quits  its  connnencenient  to  join 
the  vena  porta^ :    the  arterial  and  venous  trunks  of  the  trans- 
versely spiral  valve  are  external  to  the  g;nt. 

One  may  connect  the  peculiarity  of  the  spiral  valve  with  the 
necessity  fur  reducing  the  mass  and  weight  of  the  abdominal 
contents  in  the  active  high-swimming  Sharks,  which  have  no 
swim-bladder :  the  essential  part  of  an  intestine  being  its  secern- 
ing and  absorbing  surface,  we  see  in  them  the  requisite  extent  of 
the  Yasculo-mucous  membrane  packed  in  the  smallest  compass,  and 
associated  with  the  least  possible  quantity  of  accessory  muscular 
and  serous  tunics,  by  the  modifications  aboYO  described.  Analogous 
ones  exist,  however,  in  other  PlagiostomeSy  and  in  the  Lamprey, 
to  which  the  above  physiological  explanation  will  not  apply ;  and 
the  spiral  valve  is  associated  with  the  air-bladder  in  some  of  the 
highly  organised  Ganoids,  and  in  the  Lepidosiren.  Nevertheless, 

■  XLTi.  t.  IT.  p.  314  s  t.  xctL  p.  277,  pi.  2  and  3.    See  abo,  xx.  prep.  no.  64S  ; 
pfobsbljr  fton  ScthodoiL 
*  DaTtrao/,  xoTiii.  p.  874,  pL  10. 
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it  is  to  be  remarked  tliat  tiie  inteetiiial  omal  is  shorteety  sad 
the  spiral  valve  most  complex  and  extensive,  in  the  Sharks. 
In  both  these  and  the  Bays,  the  valve  subsides  at  a  short  distanoe 
from  the  anus ;  and  into  the  back  part  of  this  terminal  portion  of 
the  rectum  an  elongated  csBcal  process  with  a  glandular  inner 
Burface  opens  fig.  352,  t.  The  anus  itself  commumcates  with  the 
fore  part  of  a  large  cloacal  cavity  in  the  Plagiostomes.    In  other 
Fishes,  where  it  opens  distinctly  upon  or  near  the  external  surface, 
it  is  anterior  in  position  to  the  orifices  of  oviducts,  or  sperm- 
ducts,  fig.  281,  /*,  and  of  the  uterus  or  urinary  bladder;  the 
Lej>idosiren  has  tlic  peculiarly  ichtliyic  aiTaugemcut  of  the  aual^ 
genital,  and  urinal  outlets.^ 

In  the  Demiopteri  the  intestimd  canal  is  rather  closely  attached 
to  the  back  of  tlie  abdomen,  though  the  |*i  iinitively  continuous 
mesenteric  1  >l(l  becomes  reduced  in  the  Lunij)i\;v>.  lu  lilanieniiirv 
processes  aeenmpanying  the  mcacutcric  vessels.  A  sliuilar  reduc- 
tion of  the  meseutery  to  detached  membranous  l)and8  occurs  iu 
the  SvTvjnathi  and  Cyprinidae.  Tlie  mesentery  is  entire  in  the 
Lcffidusiien,  the  Plagiostomes,  and  many  other  Fishes:  it  is 
usually  single  and  continuous  Irom  th(  -tumach  to  the  end  of  the 
intestine:  there  ai'e  two  parallel  niec- tirnstrics  in  the  Eel,  and  a 
kind  of  omental  accumulation  of  nfli||[•^o  matter  is  sometimes 
found  along  the  ventral  surface  oi  the  iutcstines:  a  .-ccond  mesen- 
tery is  continued  irom  this  ]iart  of  the  iutestiue  to  the  ventral 
parietes  of  the  abdomen  in  the  Murtena. 

The  i>osition  of  the  cloacal  outlet  varies  mnrh  m  Fishes  :  in 
pome  of  the  jugular  species  it  follows  the  ventral  tins  to  the 
region  of  the  throat ;  and  in  the  apodal  Gymnotus,  fig.  232,  it  is 
placed  so  far  f(»rw;ird  as  to  remind  us  of  the  position  of  the 
excretory  outlet  in  the  Cej)halopods.  It  is  beneath  the  pectorals 
in  the  Amhh/opsis  spelrrnf! :  but  the  more  normal  posterior  position 
of  the  vent  obtains  in  most  abdominal  and  all  cartilaginous 
Fishes. 

Petrified  fseccs  or  *  coprolites '  give  some  insight  into  the  stmo- 
ture  of  the  intestinal  canal  in  extinct  species  of  Fishes:  some 
that  have  been  found  in  the  skeleton  of  the  abdomen  of  tlie 
great  Macropoma  of  the  Kentish  Chalk,  and  detached  coprolites 
associated  with  the  scales  and  bones  of  the  more  ancient 
Megidiehthy9^  indicate  by  their  exterior  spiral  grooves  that  these 

'  zxxm.  pL  S5,  fig.  1,  m,  ft,  o,  /.  The  Branchiostomn  offers  no  exception  to  tbU 
rale;  th«  opening  bj  which  Ihe  ova  and  aemen  nf«  expelled  is  a  eonimoQ  peritoneal 
outlet. 
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ancient  Ganoids,  like  their  modern  representative^  the  Pofypterus, 
po?scF8ed  the  spiral  valve. 

§  73.  Liver  of  Fislies, —  The  liver  makes  its  first  appearance 
in  the  lowest  vertebrated,  as  in  the  lowest  articulated,  specieB, 
under  the  form  of  a  simple  csDcal  production  from  the  common 
alimentary  canaL  Commenomg  in  tlie  Lanoelet,  fig.  169,  hd, 
a  little  beyond  the  orifice  />y,  the  hepatic  ctecom,  I,  extends 
forward  from  its  place  of  communication  with  the  canal  H,  and 
terminates  in  a  blind  end.  In  the  Myxinoids  the  lirer,  as  in 
all  higher  Fishes,  fig.  282,  a,  is  a  well-defined  conc^lomerate,  or 
iicinous,  parencliymatoid  or<xan,  willi  a  porhil  antl  an  arterial 
circulation,  with  iiepatic  ducts,  and  generally  a  gall-blatlJcr  and 
cj^^tic  duct,  ib.  c,  by  wbicli  tbe  bile  is  conveyed  to  the  duodenum, 
from  which  the  stomach  is  divided  by  a  pyloric  valvular  ori- 
licc.  * 

The  texture  of  the  liver  is  sof  t  and  lacerable ;  its  colour  usually 
lighter  than  in  higher  Vertebrates,  being  whitish  in  the  Lophius, 
and  in  many  other  Fishes  of  a  yellowish  grey  or  yellowish  brown: 
it  is,  howerer,  reddish  in  the  Bream,  of  a  bright  red  in  the 
Jioiocemtrum  drientah,  amkgiR  in  Hahcentrum  hastatum,  yellow  in 
Atheritta  prethfter,  green  in  Petromyzen  marinut^  reddish  brown 
in  the  Tnnny,  dark  brown  in  the  Lepidoriren,  almost  black  in 
the  Paddle-fish.  In  the  SiluHdm  a  portion  of  the  liyer,  usually 
forming  a  middle  lobe,  thinner  than  the  rest  and  of  a  lighter 
colour,  has  been  described  as  the  'pancreas:'  it  has  a  distinct 
duct,  oj)oiiiii<z  near  that  of  the  ductus  choledochus.  In  most  Fishes 
the  liver  is  remarkable  for  the  quantity  ui  iiae  uii  in  its  substance, 
under  wliirh  form  ahnosJt  the  whole  of  the  adipose  matter  is  there 
concentrated  in  tho  Cod  tribe,  the  Rays,  and  the  Sharks.'  Fishes 
which,  like  the  Salmon  and  Wolf-fish,  have  oil  more  difiused 
through  the  body,  have  comparatively  little  oil  in  the  liver. 

The  liver  is  generally  of  large  proportional  size :  it  is  attached  at 
the  fore-part  of  the  abdomen  to  the  aponeurotic  wall  partitioning 
off  the  pericardium,  fig.  276,  /,  o,  and  extends  backward,  with  a 
few  exoeptbns,  further  on  the  left  than  on  the  right  side :  in  the 
Carp,  the  Bream,  and  the  Stickleback,  the  right  lobe  is  longest 
Its  shape  Tsries  with  that  of  the  body  or  of  the  abdominal  cavity ; 
it  is  broadesty  for  example,  in  tbe  Rays,  longest  in  the  Eels ;  not, 

'  The  Bream  is  the  only  fish  in  which  I  have  foasd  tfa«  i^ftic  dvet  termiiiiting 
directly  in  the  ■tomAcih. 

The  myriads  of  Dog^flih  captured  and  commonly  rejected  on  our  coasts  f<how 
that  the  fishermen  hare  not  yet  tnkcn  full  advantage  of  this  anatomical  fact,  which 
ezpooet  to  them  an  abnoUant  source  of  a  pore  and  valuable  oil 
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however,  elongated  in  the  Grynmotus^  in  which  apodal  fish,  hj 
reason  of  the  peculiar  aggregation  of  the  organs  of  vegetaAiTe 
life  in  the  region  of  the  head,  the  liver  is  divided  into  two  short 
and  broad  lobes  connected  hj  a  transverae  lobule.    The  liver 
consists  of  one  lobe  in  most  Salmonoid  and  Ludicud  Fishes,  in 
the  Crynmodonts  and  Lophobmnchs,  in  the  Mnllets,  Loaches, 
and  Bullheads.    It  is  long  and  simple  in  the  Lamprey  and 
Lepidosiren ;  long  and  bilobed  in  the  Conger.    The  Lump-fish 
has  a  lobulns  besides  the  chief  lobe,  which  is  round  and  fiaL 
Hiere  is  a  short  thick  convex  lobe  to  the  right  of  the  long  left 
lobe  in  the  Lophius.  Li  many  Fishes  the  two  lobes  are  subequal: 
they  are  rarely  quite  distinct,  as  in  the  Myxinoids ;  but  oommonly 
coi^uent  at  their  base,  as  in  the  Wolf-fish,  or  connected  by  a 
short  transverse  portion,  as  in  most  Sharks,  Ihe  Siluroids,  the 
Polypterus,  the  Dory,  the  Coryphene,  the  Chietodonts,  and  the 
Cod  tribe.    In  the  Whiting  the  two  chief  lobes  extend  the  whole 
leii^i^th  of  the  abdomen;  in  the  Shark  about  half  the  length, 
fig.  352,  b  (in  which  the  left  lobe  is  cut  away).    The  liver  is 
trilobcd  in  the  Corviua,  the  Clupeoid,  and  the  Cyprinoid  Fishes: 
in  many  of  the  latter  family  it  almost  conceals  the  convoluted 
intestinal  canal.    The  broad  and  tlat  liver  of  the  Raiiila*  is  tri- 
lobed.    The  liver  is  much  subdivided  in  the  Sandlancc  and  in 
the  Tunnj,  in  which  latter  fiah  it  presents  remarkable  modifica- 
tions of  the  vascular  system.*    There  arc  few  well-established 
exceptions  to  the  p^eneral  rule  of  the  presence  of  a  gall-bladder 
in  the  class  of  Fishes.    My  dissections  confirm  the  statement  of 
its  alisence  in  the  Lump-fish  by  Cuvier'  and  Wagner.'  Cuvier 
did  not  detect  a  gall-bladder  in  Lates  nilotu  us,  I/olocentrinn  Sor/hoy 
SphyrcBna  Barracuda^  Trigla  hjra^  Tri(jia  cuculm^  Corvina  denter, 
Glyphisodon  saxatilis,  Lepidopus  argenteus^  Lahrus  titrdus.  Ammo- 
dytes,  and  Erhineis  remora.    The  cfall-bladder  in  w;uiting  in  the 
Ammoceteand  Lamprey,  but  exists  in  the  M  \  xiiidids;  it  is  abst  ni 
in  PrUtis^  Zi/gcena,  and  iSV/acAe,  but  is  present  in  Galeus,  and 
others  of  the  Shark  tribe.     The  rich  series  of  observations 
recorded  by  Cuvier^  and  hia  able  Editors*  on  the  gall-bladder 
and  gall-ducts  in  Fishes  have  not  afforded  a  clue  to  the  law  of 
the  developement  of  the  special  receptacle  of  the  biliary  secretion 
in  Fishes.    The  ])ouch  in  which  the  aggregated  hejiatic  ducts 
terminate  in  the  Selachc  inaximo  may  compensate  for  the  absence 
of  tlie  iiall-bladder  in  that  Shark;  these  ducts  are  enclosed  in  a 
broad  tUt  band  of  denae  cellular  tissue,  fig.  284, 1,  which  passes 

*  cm.  ■  XII  t.iv.  p.  551.  »  XLTU. 
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obliquely  down  in  front  of  the  stomach  as  far  as  the  duodenum, 
when  each  of  the  ducts  opens  by  a  separate  oblique  orifice  into  a 
common  cavity,  ib.  m,  of  an  oval  form,  communicating  with  the 
duodenum  by  a  sinj^le  opening. 

The  gall-bladder  is  usually  situated  towards  tlie  fore-part  of 
the  and  attached  to  the  right  lobe  when  this  exists,  as  in 

fig.  276,  m.  In  some  Cyprinoids  and  Hays,  and  in  the  Sturgeon, 
it  is  imbedded  in  the  substance  of  the  liver.  In  many  Chsetodonts 
and  Salmunoidb,  in  tlie  Sword-fish,  fig.  282,  c,  in  the  Eel  and  the 
!Mura;na,  it  liangs  freely  at  some  distance  from  the  liver.  I  found 
the  gall-bladder  three  inches  from  the  liver  in  a  Lophius  of  two 
feet  in  length.  The  size  of  the  gall-bladder  varies  in  different 
Fishes ;  it  is  very  small  in  most  Rays :  in  Osseous  Fishes  it 
usually  bears  a  direct  relation  to  that  of  the  liver  itself.  It  is 
j>yriform  in  the  Lophius,  Mullet,  Sea-perch  {Sehastes),  Pike, 
Sturgeon,  Planirostra,  and  most  other  Fishes :  it  is  subspherical 
in  the  Grey-shark  {Galeus),  and  in  the  Woll-tiali :  it  is  like  a 
long-necked  flask  in  Polypferus ;  is  bent  like  a  retort  in  Xiphi'as, 
ib.  c:  and  is  remarkably  long  and  slender  in  Srieejia,  U/>f  //rns^ 
J^ates  nohilis,  and  in  the  Bonito,  tlic  Tunny,  and  other  Sroinbrului, 
The  bile  is  sometimes  conveyed  tx)  tlu  gall-bladder,  fig.  291,  c,  by 
b<  [juto-rystir  ducts,  ib.  dyd,  and  thence  by  a  cystic  duct,  ib.  into 
the  duodenum  (AVolf-fish,  Erythrinus,  Lepidosiren) :  or  it  pa.sses  at 
once  to  thr  intestine  by  a  ?in^le  hepatic  duct,  formed  by  the  union 
of  several  branches  from  the  liver  {^Zijga  na,  where  the  duct  is  \  cry 
long):  or  by  two  hepatic  ducts  opening  separately  into  the  intestine, 
as  in  Pristis :  or  an  hepatic  duct  from  the  left  lobe  joins  a  cystic  duct 
fifom  the  bladder,  receiving  the  gall  from  the  right  lobe,  and  the 
secretion  is  oonveyed  by  a  ^  ductus  communis  choledochus '  into  the 
doodenom,  as  in  Pimelodus :  or  the  bile  is  conveyed  to  the  duode- 
num partly  by  a  cystic  duct  and  partly  by  a  distinct  hepatic  duct, 
as  in  the  Salmon,  in  which  the  latter  dilates  before  it  terminates. 
In  the  Lophius  three  hepatic  ducts  join  the  very  long  cystic,  which 
duct  sometimes  dilates  where  it  recdives  them.  In  the  Sword- 
fish  three  or  four  hepatio  ducts  communicate  with  the  cystic, 
to  iotm.  the  ductus  communis,  fig.  282^  b.  In  the  Turbot  there 
are  more  numerous  hepatic  ducts,  some  of  which  communicate 
•with  different  parts  of  the  cystio  duct,  and  four  open  into  the 
dilated  termination  of  the  ductus  communis.'  In  the  Galeus  the 
cystic  duct  runs  some  way  through  the  substance  of  the  liver,  and 
sometimes  between  the  tunics  of  the  pyloric  canal  of  the  stomachy 

■  3B.  voL  Lpiep;  no.  Sll^ 
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before  it  enters  the  commencement  of  the  wide  intestine,  near  tlie 
beginning  of  tbe  Bpiral  valve.  The  gall-duct  in  the  Sturgeon  and 
Planiroetra  terminates  at  a  greater  distanoe  above  the  valvukr 
intestiiie.  The  ordinary  position  of  the  entry  of  the  bile  into  the 
alimentary  canal  in  Oweons  Fishes  is  at  the  commencement  of  the 
small  intestine  near  ihe  pyloros*  The  terminal  part  of  the  gall* 
duct  is  usually  slightly  expanded,  fig.  291 ,  and  its  orifice  Is  often 
supported  on  a  papilla^  as  in  the  Sturgeon,  the  Skate,  and  the 
Lahrax  lupus. 

§  74.  Pyloric  Appendages  and  Pnnf^rens  of  Fislies, —  In  most 

Osacous  Fishes  the  intestine 
buds  out  at  its  commencement 
into  long  and  slender  pouches, 
or  ceca,  fig.  281,  cf,  into  which 
it  appears  that  the  food  does 
not  enter,  and  which,  thm- 
fore,  increase  the  direct  aecre* 
ting  surface  of  the  alimenta^ 
tract,  over  and  above  the  ex- 
tent' of  the  mechanism  for 
pounding  and  propelling  the 
chyme,  or  of  the  vascular  sur- 
face wliich  selects  and  absorbs 
the  chyle.  By  a  very  giailucil 
series  of  chanprc?  of  these  Ciccal 
])roces8es,  witiiiu  the  limits  of 
the  class  of  Fishes,  thev  be- 
come  massed  into  a  body,  fig. 
282,  d,  like  the  conglomerate 
gland,  called '  pancreas'  in  Man. 
The  secretion  of  the  rudlmen- 
tal  representatives  of  this  gland 
is  so  like  the  fluid  which  the 
ordinary  mucous  surfiMse  of  the 
intestine  eliminates  and  sets 
free  from  its  capillary  system, 
that  conditions  of  the  ordinary 
alinientai  V  tract  exist  in  some 
Fishea  which  render  neeiUess 
the  dcvelopenieiit  of  the  spe- 
cial ac<;e88ory  nur faces.  The 
Dermopteri  show  no  trace  of  pancreas ;  their  whole  digestive 
canal  is  simple:  the  organisadon  for  which  that  canal  is  the 


Allli]rnuit7  raoai  nf  the  Whiting  {Merlnngtu  vnlgari*) 
pliowliif  tiM  pita  of  MM*  «vo«ii4  tke  ivIonuL  ocnuxi . 


Digitized  by  Google 


PYLORIC  APPENDAGES  OF  FISHES. 


429 


commissariat  is  the  most  simple  in  the  Piscine  class.  The 
Lamprey,  at  the  head  of  the  Dermoptcrous  order,  derives  from 
the  slight  spiral  extension  of  its  intestinal  mucous  coat  the 


286 


Portion  of  Uic  «UincntAn  canal  of  llie  Salmon  (.*iri/tHO  $nUir),  •hnwtng  one  double  row  of  caecal 
KI>t>^'u>l^(^*       i'^rildiio  of  the  other,  ccxxxi. 


required  concomitant  comjdexity  of  the  digestive  canal.  In 
several  Osseous  Fishes,  either  the  inactive  nature  of  the  species, 
or  the  extent  or  special  modifications  (the  long  intestine  and 
glandular  palate  of  the  Cari),  the  thickened  mucous  membrane 
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of  the  duodenum  of  the  Eol,  for  example)  of  the  ordinary  tract 
of  the  alimeutary  canal^  render  uunecessary  the  presence  of  a 

pancreas.  Thus  there  is 
no  caecal  production  of  the 
duodenum  in  the  Anibas- 
fOBf  Wolt-fifih,  Warty  Agrio- 
pe,  nor  in  most  Labroids, 
Cyprinoids,  Lucioids,  Silur- 
oidsy  nor  in  the  apodal  Mala^ 
eopUriy  nor  in  the  Liopho- 
bmnchsandPlectognatB;  nor 
in  the  genera  AntennariuM, 
MaUh€BU8,  and  Batraekus, 
The  pancreas  is  repreeented 
by  a  single  pyloric  csecum 
in  tlie  Sandlance  and  Poly- 
pteruB,  fig.  279,  k:  by  two 
ca;ca  in  most  Labyrinthi- 
branchs,  in  many  speci»\>s  of 
Amphiprion,  in  tlicLophius, 
the  Turbot,  tig.  287,  and 
the  Mormynis,  fig.  280,  k : 
by  three  copca  in  the  Perch, 
the  percoid  Popes  {Aeerina),  the  Asprodes,  and  Di|)loprion8 :  of 
firoi|i  four  to  nine  c»ca  in  the  genus  Cottus :  of  from  fire  to  nine 

cseca  in  the  genus  TVi^lor: 
^  of  BOL  ceca  and  upwards  in 

Scorpana  and  Hohcenirum : 
of  nine  c»ca  in  the  Sprat, 
fig.  288 :  and  so  on,  increas- 
ing to  a  numerous  group  of 
pendent  ])yloric  pouches,  as 
we  find  in  the  Scorn  bero ids, 
Chajtodoni-,  Gadoids,  fig. 
285,  Halecoids,  fig.  286, 
Cyclopterus,  and  Lepidos- 
teuB.  There  is  a  difference, 
howerer^  worthy  of  note,  in 
the  mode  and  extent  of  at- 
,^.or.cc«c.oni.e8.«t(c.pe«..r^>        tachmeutof  thcso  nmneious 

Cttoa:  in  the  Salmon^  fig.  286^  Herring,  fig.  281,  d.  Sprat,  fig. 
288,  and  Haddock,  they  rank  ahnoet  in  a  line  along  the  whole 
duodenum:  in  the  Gymnotus,  Lump-fish,  and  Whiting,  fig. 


pyloric  cjcca  vl  the  Turbot  {Oumbut  marimnt).  cCXXXt. 
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286,  they  form  a  circular  cluster  around  the  distal  aide  of  the 
pjloniB.   Eyen  in  the  longitudinally  arranged  cieca  the  principle 
of  concentration  dawns ;  thus  the  Mtj  pan-  289 
creatic  cseca  of  the  Pilchard  communicate 
with  the  duodenum  by  thirty  orifices :  but 
the  fifty  attenuated  terminal  blind  sacs  in 
the  pancreas  of  the  Lmnp-fish  unite,  reunite, 
and  discharge  their  secretum  by  a  drcle 
of  six  orifices  around  the  duodenal  side  of     i'}^)^ ' '     « iau,v.  nr  th. 
the  pyloric  Talve*    In  the  Xunny  a  more      i^**  \niion  and  nunion  to 

•  ««   •  1   1  «        1      i*  .  •  .  Xorm  a  tinsie  tube  cttxtxi, 

snbdiTided  bunch  of  pancreatio  ceeca  empty 
themselyes  by  five  orifices :  in  the  Whiting  about  one  hundred 
and  twenty  peripheral  cnca  progressively  unite  into  four  groups 
or  bunches,  fig.  289,  communicating,  each  by  a  single  duct,  with 
the  duodenum :  in  the  Sword-fish,  fig.  282,  d,  a  more  compact 
gland-like  mass  pours  its  secretion  into  the  gut  by  two  orifices, «: 
and,  finally,  in  the  Stuigeon  and  Paddle-fish,  fig.  276,  A,  by  a 
elngle  opening  of  what  now  becomes  the  short  and  wide  duct  of 
the  gland.  The  interposition  of  cellular  tissue  binding  together 
longer,  more  slender,  and  more  ramified  caeca,  with  a  concomitant 
increase  of  the  vascular  supply,  and  a  common  cqvcring  or 
capsule,  finally  converts  the  accessory  intestinal  growths  into  a 
parenchymatous  conglomerate  gland,  as  we  see  in  the  Sword-fish, 
Sturgeon,  Holocephsli,  and  Plaf^ostomes ;  the  papilliform  ter- 
mination of  the  duct  of  such  a  pancreas  is  shown  in  the  Seliv^^he, 
at  fig.  284,  i.   It  sometimes  exceeds  the  liver  in  weight 

The  existence  of  this  developed  form  of  secreting  oxgan,  over 
and  above  the  spiral  intestinal  valve,  may  relate  to  the  high 
organisation  of  these  Cartilaginous  Fishes,  and  to  the  great 
dcvelopement  of  the  organs  of  locomotion,  occasioning  the  neces- 
sity for  rapid  and  complete  digestion.  But  if  we  compare  the 
few  existing  species  of  heavily  laden  Ganoid  fishes,  we  shall 
again  find  good  evidence  of  the  compensation  for  a  pancreas  by 
the  extension  of  the  intestinal  miicons  membrane  within  the 
canal,  the  circumstances  calling  for  a  more  complete  dcvelopement 
of  the  diijcstive  system  in  the  predatory  Sharks  and  large- 
finned  Rays  not  being  present.  Thus  the  Polyptcrus,  whicli  has 
a  spiral  intestinal  valve,  iias  only  one  short  pyloric  cjecum, 
fig.  279,  A;  whilst  the  Lepidosteus,  which  has  no  sjilral  valve, 
has  a  compact  group  of  above  a  hundred  small  cseca,  which  unite 
and  reunite  to  communicate  by  a  few  apertures  with  the  com- 
mencement of  the  duodenum. 

The  inner  or  mucous  surface  of  the  pyloric  Cieca  is  laminated 
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in  some  Fklies :  in  othen  it  is  yillous,  with  orifices  of  crypts  at  the 
basal  interyals  of  tbe  flattened  villi :  in  the  Heiringy  fig.  290,  the 
surface  is  minutely  honeycombed ;  the  cells  or  eiypts  being  about 
of  an  inch  in  diameter,  and  each  is  filled  with  a  noass  of 
epithelial  cells,  as  seen  in  the  section  b,  fig.  290t.   The  basis  ct 

290  291 


OiTptseC  p|rtoi1«cM*iH«nrtav.  obmxxl  Fuiiiui (fidm nooader.  cwiii. 

tlir  oryptri  is  fil)n)us  and  jtrojccts  between  and  often  beyond  the 
level  of  their  oj)euings.  The  masses  of  epithelimn  reseinhle  one 
of  the  stajres  of  the  contents  of  the  ultimate  follicles  of  the 
pancreatic  acinus  of  a  Mammal.  The  relation,  however,  of  the 
pyloric  api)endafres  of  the  Fish  to  that  of  the  pancreatic  gland  ui 
tlie  higher  Vertebrates  may  be  but  one  of  analogy. 

There  is  a  minute,  but  more  constant  glandular  body  present 
both  in  fishes  which  possess  (iSV/////^?,  Gadus,  Perca)  and  thnse 
that  do  not  possess  {Ffafcssfty  Iirl())n\  Brama,  e.g.)  the  pyloric 
ca?ca.  It  is  too  small,  tig.  291,  /*,  for  the  j)erfonnance  of  tlic  [>an- 
creatic  function  in  digestion  ;  but  the  contiguity  of  the  termiual 
dilatation  of  the  duct,  ib.  7,  with  that  of  the  ductus  eholedochus, 
ib.  and  of  their  respective  o])enings  into  the  duodenum,  suggests 
that  this  glandule  may  be  the  rudimental  homologue  of  the 
pancreas  of  air-breathing  Vertebrates. 

In  the  Lepidosiren  the  body  imbedded  between  tlie  muscular 
and  serous  coats  of  the  stomach,. and  referred  to  as  probably 
*S]»lenic  '  in  cxLV.  p.  271,  sends  its  secretion  by  ducts  converging 
to  one  canal  which  opens  beyond  the  pylorus,  close  to  the  orifice 
of  the  hepatic  duct»' 

'  According  to  ocxxxm.  p.  10. 
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§  75.  Alimentary  canal  of  BqttUes, — The  cavitj  contamiog,  as 
in  Fishes,  the  alimentary 
Ottnal,  with  the  kidneysand 
pfrincipal  organs  of  gene> 
ration,  also  lodges  in  Rep- 
tilea,  fig.  292,  the  heart,  a, 
bf  e,  and  lungs,  t.  In 
most  the  whole  cavity  is 
lined  bj  the  peritoneum, 
which  is  reflected  upon  the 
aeveral  viscera.  In  the 
transverse  section  of  the' 
cavity,  fig.  293,  the  thick 
line  diagrammatically 
shows  the  peritoneum  re- 
fleeted  from  the  vertebral 
centrum  upon  the  aortal 
and  caval  trunks,  A,  the 
spleen,  A,  and  stomach,  a, 
whence  it  is  continued  to 
form  the  omental  fold,  e,  c: 
from  the  ventral  surftce 
the  peritoneum  is  reflected 
at  one  small  part  upon  the 
remains  of  the  umbilical 
vein,  forming  the  so-called 
*  faldform,'  ^,  and  *  round,' 
d,  ligaments  of  the  liver. 
In  the  CroeodiUa  the  peri- 
toneum does  not  extend  forward  beyond  the  stomach  and  liver, 
but  is  reflected  upon  the  posterior  (sacral)  surface 
of  both  organs,^  circumscribing  a  smaller  *  abdo- 
nunal*  cavity,  and  including  fewer  viscera,  than  in 
Mammals. 

In  female  Reptiles,  the  serous  membrane  of 
the  abdomen  is  continuous  with  the  mucous  mem- 
brane of  the  oviducts ;  the  subhexajyonal  or  poly- 
gonal flattened  cells  of  its  epitheliuni  givinu!;  l)lacc 
to  the  ciliated  ci)ithelial  cells  at  the  margin  of  the 
oviducal  aperture.  In  both  male  and  female 
Chrhinin^  the  peritoneum  is  continued,  as  an  in- 
fundibular canal,  into  the  *  corpus  cavernosimi* 


Abdominal  carltr  aod  vltotra,  Dnm 
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of  the  i)cnia '  and  clitoris :  in  the  Cmrodilia,  besides  com- 
municating with  that  structure,  the  peritoneal  canals  open  out- 
wardly u]Km  j)apilla3,  situated  on  each  side  of  the  base  of  the 
penis  ^  and  clitoris.  These  are  the  exceptions,  in  the  reptilijui 
class,  to  the  typical  character  of  the  peritoneum  as  a  closed 
*  serous  '  sac.  In  most  Reptiles  j)ifjniental  cells  are  blended  witb 
or  supersede  the  ordinary  tesetrllated  lixiioig  of  epithelial  in 
certain  j>arts  of  the  ])eritoneal  surface. 

The  mouth  in  Rc[)tiles  gives  passage  to  respiratory  cmrents 
as  well  as  to  the  food  in  the  Perennibranchiates,  and  in  all 
the  air-breathers  along  that  extent  of  the  cavity  which  is  poste- 
rior to  the  palato-narcs,  fig.  294,  B,*  hi  the  CrocodUia  alone 
having  the  nasal  distinct  from  the  oral  ptssagc. 

M4  In  CheloniOf  the  jam 

with  their  homy  covering 
form,  as  in  Qymiiodoiit 
fiahee,  the  first  portal  to 
the  alimentary  canal:  in 
nmnj  BairaeMa  the  in- 
tegmnent  passes  eveiily 
over  the  alveolar  mai^^as 
of  the  jawsy  sain  fig.  294, 
a,  ^»  in  Ophmat  Samrm^ 
and  CroeodUiaf  a  narrow 
tract  of  soft  and  vascular 
integument  intervenes  be- 
tween the  acale-dadborder 
of  the  mouth  and  the  jaws ; 
nnking  into  a  more  or  leaa 
shallow  groove,  which  de- 
fines the  lips  and  receives  the  secretion  of  a  row  of  maooos 
crypts:  but  such  tips  are  hard  and  inflexible :  in  certain  Frogs  and 
Toads  they  are  of  softer  texture :  but  in  none  arc  produced  or 
prehensile. 

The  walls  of  the  mouth  expand  into  pouches  in  certain 
BeptileSy  as  e.  g.  at  the  sides  of  the  &ce  in  male  Frogs,  below  the 
tongue  in  Hyluy  and  produced  firom  the  same  part  into  a  conspicu- 
ous gular  bag,  as  in  the  Draco  volans,  fig.  303,  <L  But  these 
pouches  receive  air,  not,  as  in  some  higher  Vertebrates,  food ;  and 
usually  relate  to  the  powers  of  voice. 

The  bony  walls  of  the  mouth  have  been  already  described ;  the 

*  XX.  vol.  iv.  p.  62,  preps.  no«.  2448  —  2451. 

"  lb.  voL  IT.  p.  60,  prep.  no.  2439 }  and  ccxxxvii.  p.  153. 
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lining  membrane  retains  the  ciliated  epithelium  in  most  Uatrachia. 
In  fig.  294,  B  shows  the  roof  of  the  mouth  of  a  Newt,  of  the 
natural  size  and  magnified :  A  shows  the  floor  of  tlie  mouth  with 
the  oesophagus,  laid  open  from  above,  the  stomach,  and  luugs, 
/*, /!  a  is  the  lower  jaw,  A  tlic  toiiL'^ue,  c  the  glottis.  The  currents 
produced  by  the  vibratiie  cilia  are  made  visible  by  powdered 
charcoal,  and  their  course  is  indicated  by  the  arrows,  begimung  at 
the  symphysis  and  extending  to  the  cardiac  end  of  the  cesophagus* 
The  cilkuy  moyement  '  is  remarkably  vivid  in  the  mouth  of  the 
Serpent ;  and  in  the  Tortoise  it  endures  for  sereral  days  aB»r  death, 
not  ceasmg  till  the  parts  are  destroyed  by  putrefaction.*  ^  Fig* 
295  giyes  a  magnified  view  of  some  of  tiie  ordinary  nucleated 
epithelial  scales,  a,  b,  e,  and  of  some  ciliated  scales,  d,  e,/, 
from  the  monlJi  of  the  Frog. 

The  tongue,  as  an  organ  of  taste  in 
Keptiles,  has  been  noticed,  p.  327.  In 
Newts  it  is  u.-ually  small,  as  at  5,  fig. 
294.  In  jiio-t  TiuUesa  Batracliians  it  is 
lai  If  <  :  aiiacked  to  the  floorof  the  mouth, 
a  Hi  tit'  beliind  the  symphysis  of  the 
nian(iil'l(\  with  its  free  border  directed 
backward.*  This  part  can  be  raised 
and  thrown  out  of  the  mouth  by  a 
rotatory  movement,  as  on  a  hingCj  with 
ri  certain  elongation^  equaling  in  some 
Toads  two  thirds  or  more  of  the  length 

of  the  body.  A  glutinous  saliva  is  iia«te(«(iu<icuut«<iepiu>euaii 
spread  over  the  sur&ce:  both  the  pro-  moiiuioirr«« 
tnisile  and  retractile  moyements  are  executed-  with  extreme 
velocity^  and  thus  the  insect  is  seized  and  swallowed  more 
quickly  than  the  eye  can  follow^  when  the  Batrachian  has 
brought  its  mouth  within  the  distance  at  which  the  tongue  can 
reach  the  fly. 

The  hyoid  being  raised  and  the  mandible  depressed,  the  genio- 
glossi,  having  their  fixed  point  at  the  symphysis,  raise  and  jerk 
forward  the  free  part  of  the  tongue  ;  at  the  same  instant  the 
toncrne  is  narrowed  and  lentrthened  bv  the  action  of  transverse 
fibres  in  its  substance  :  tlie  return  movements  are  due  to  the 
hyoglossi,  acting  from  tlie  hyoid  arch,  while  this  is  at  the  same 
time  depressed  and  retracted.  In  most  Frogs  the  back  part  of 
the  tongue  is  bifurcate,  fig.  350,  a,  or  bilobed  {Folypedates) :  in 

•  CCTCxxvui.  vol.  i.  p.  631. 

'  la  Ueteroglouus  the  toogae  is  Attached  by  a  central  pedicle. 
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Oxi/fflossus  it  is  rounded,  as  in  Toads  and  some  Hylidce,  e.  g. 
Elosia ;  but  here  the  whole  margin  adheres :  the  rarest  form,  in 
anourous  Batrachians,  is  tliat  of  Rhinophrynus,  in  which  the  fore 
part  of  the  tongue  is  free.*  In  Serpents  the  tongue  takes  no  other 
share  in  the  prehension  of  food  than  by  the  degree  in  which  it  may 
assist  in  the  act  of  drinking;  it  is  very  long,  slender,  cylindrical, 
protractile,  consisting  of  a  pair  of  muscular  cylinders,  in  close 
connection  along  the  basal  two  thirds,  but  liberated  from  each 
other,  and  tapering  each  to  a  point  at  the  anterior  third  :  these 
are  in  constant  vibration  when  the  tongue  is  protruded,  and  are  in 
great  part  withdrawn,  with  the  undivided  body  of  the  tongue,  into 
a  sheath  when  the  organ  is  retracted.  This  act  is  performed  by 
the  *  glossohyoidei,*  fig.  147,  A  ;  protrusion  is  effected  by  the  genio- 
hyoidei,  ib.  r'.  The  orifice  of  the  sheath  is  strengthened  by  a 
pair  of  cartilaginous  plates,  on  which  other  muscles  act.*  The 
ununited  symphysis  of  the  mandible  leaves  a  passage  for  the 
tongue  without  the  need  of  '  opening  *  the  mouth :  and  the  acta 
of  protrusion  and  retraction  are  usually  seen  to  be  frequently 
repeated.  The  AmphisbcPtiidcB  and  Anguidoi  have  short,  thick, 
hardly  protractile,  and  sub-bifurcate  tongues. 

The  arboreal  Chameleons,  clinging  on  all  fours  to  their  tree 
branch,  depend  wholly  on  their  singularly  extensile  tongue  for 
the  prehension  of  their  volatile  insect  food.  The  movements  of 
this  organ  are  as  instantaneous  as  in  the  Toad  and  Frog,  and 


Tongue  of  the  Chameleon  p«rttal1y  extended.  cct<. 


are  due  to  combined  muscular  and  elastic  forces,  acting  witliin 
the  tongue  and  upon  its  supporting  bones,  with  concomitant 
modifications  of  the  hyoid  arch.  The  glosso-hyal  is  produced 
into  a  long  and  cylindrical,  fibro-cartilaginous  style ;  it  penetrates 
a  fibrous  sheath  in  the  substance  of  the  tongue,  which,  when 

'  It  nifords  the  character  of  Dr.  Q  anther's  section  ProUro^ossa^  CLXXV. 
■  CCXLI.  p.  368,  pi.  46,  fig.  15. 
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retracted,  fig.  297,  a  and  c,  is  almost  wholly  supported  thereby, 
and,  when  withdrawn,  the  cavity  of  the  sheath  is  occupied  by 
a  ductile  cellulosity.  The  bulbous  end  of  the  tongue,  tig.  296, 
and  fig.  297,  a,  b,  is  divided  by  a  transverse  curved  groove  into 
a  shorter  upper,  ib.  «,  and  a  longer  lower  lobe,  ib.  r/,  resembling  the 
prelicnsile  part  of  the  Elephant's  proboscis ;  the  surface  is  finely 
rugous,  and  bedewed  by  adhesive  secretion.  Between  the  bulb 
and  tlie  base  the  glossohyal  sheath  is  immediately  surrounded  by 
fibrous,  degenerating  into  lax  elastic,  tissue,  covered  by  the  lingual 
skin,  which  is  thrown  into  circular  rugtc  or  rings,  in  the  contracted 
state  (as  in  fig.  297,  a,  and  in  c,  where  this  part  of  the  tongue 
is  exposed  by  divaricating  the  geniohyoid  muscles,  c).  The  tissue 
of  the  glossohyal  sheath  consists  chiefly  of  unstriped  muscular  fibres, 
arranged  transversely.  The  longitudinal  fibres  are  those  of  a  pair 
of  *  glossohyoidei,'  extending  along  the  sides  of  the  annular  exten- 
sile part,  and  spreading  out  at  the  bulbous  part,  of  the  tongue. 
The  circular  fibres,  strongly  contracting,  diminish  the  thickness, 
increase  the  length,  and,  squeezing  the  smooth  supporting  style,  slip 
off  the  elongated  part  of  the  tongue  from  its  fore  part  with  a  certain 

897 


jerk.  Bat  witli  this  action  is  associated  a  more  powerful  ])ropeller 
of  the  weighted  holbouB  end  of  the  tongue,  exennsed  by  the 
muBcles  of  its  hony  support  The  geniohyoidei^  fig.  c,    and  a,  e. 
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draw  forward  the  basihyal  upon  the  ends  of  the  eeratohyals,  ky 
which  are  steadied  hj  the  slender  mnsdes  *  eeratomaiidibularis,*/, 
and  ' ceratostemalis/  hi  so  that  the  inrerted  bony  arch,  fitnn 
being  yertical^  as  at  A»  A,  is  made  horizontal,  as  at  A ;  the  basi- 
hyal being  brought  forward  about  an  inch,*  and  with  a  force  and 
precision,  due  to  the  fixation  of  the  ceratohyal  tips,  by  their  guy- 
rope-like  iiiiiscles,  /'and  h,  which  adds  greatly  to  the  pr(i|u  llii  Li 
force.  Tliis  force,  added  to,  and  acting  consentaneously  with.  t)iv 
elongation  of  the  annnlose  part  of  the  tongue,  b,  A  and  n,  jorks 
out  the  swollen  prehensile  end  of  the  tongue  to  the  full  extent 
allowed  hy  li^  elastic  yielding  tissue,  which,  on  the  cessation  ot" 
the  muscular  actions  and  their  momentum,  retracts  the  bulb ;  and 
the  drawing  back  of  the  tongue  is  effected  by  the  contraction  of 
the  glosBohyoidei,  and  of  the  elastic  cellular  tissue^  readjusting 
the  sheath  upon  the  glossohjal :  also  by  the  retraction  of  the  hyoidy 
through  the  stemohjoidei  muscles,  %.  297,  A,  c,  These  are 
assist^  by  the  omohyoidei,  ib.  A,  t ;  and  the  actions  of  e  and  y  are 
made  more  effeetaye  by  the  cooperation  of  /and  h,  in  steadying 
die  points  of  the  inverted  arch  upon  which  the  swinging  moT^ 
ments  to  and  fro  of  the  basi-  and  glosso-hyals  take  place.  The 
meclianism  and  forces  of  the  extension  and  contraction  of  the 
Clianieleon's  tongue  arc  essentially  the  same  as  those  of  the 
toncrue  in  Toads  and  Geckos,  among  which  those  species  can 
luust  <  longate  the  organ,  when  the  hyoid  muscles  jerk  it  out  of 
the  mouth,  which  have  the  greatest  proportion  of  *  linguales  *  fibres 
arranged  so  as  to  contract  its  breadth.^ 

The  stylilbrm  glossohyal,  besides  supporting  the  retracted 
tongue  and  increasing  the  force  of  the  constricting  *  lingual es' 
fibres,  enables  aim  to  be  taken  at  the  object  to  be  reached.  The 
Chameleon,  having  discerned  its  prey,  brings  its  head  into  position, 
opens  the  mouih  to  tiie  extent  required  for  the  tongue's  passage: 
then,  steadying  the  apparatus  *by  a  sort  of  tremulous  rigid 
movement,'  shoots  out  tiie  tongue,  and  retracts  it  with  the  fly, 
the  velocity  of  the  action  being  sudi  as  to  '  startle  one  afiresh 
every  time  it  is  witnessed'* 

The  tongue  of  the  Crocodile,  fig.  298,  c,  is  slightly  raised  by 
its  fleshy  portion  above  the  level  of  the  membranous  koor  of  the 

•  Tbc  explanation  above  given  agrees  in  essertmls  with  that  proposed  by  HoBler 
(XX.  vol.  iii.  p.  68),  and  Cuvicr  (xii.  ed.  1,  torn.  iii.  p.  27S)  |  other  bjpOtheMi  are 
cited  in  ccxxxix.  torn.  vi.  p.  76.  and  ccxl,  vol.  iv.  p.  1 147. 

*  CCXL.  p.  1150.  The  whole  of  l>r.  Salter's  excellent  article  is  well  worth  careful 
ttndj.  A  pmrioni  diaiection  of  a  Gecko"*  tongue,  after  mafiention,  as  the  Chame- 
leon's OQgbt  to  bei  in  alcohol,  facilitates  the  recognition  of  the  ciccnlar  arrangement 
of  non^riped '  lingnalea '  fibrei»  described     HnnCer  and  Cnvier, 
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mou^,  but  is  not  prolonged  freely  beyond  it;  its  back  part 
appears  to  rise,  but  this  is  due  to  the  299 
continuation  of  the  membrane  &onk  the 
base  of  the  tongoe  over  a  trftosverse 
eartilaginoas  p]ivte»  formed  by  the  ban- 
hy  al,  which^  abutting  against  the  yelum 
pakti,  ib.  d,  can  dose  the  back  part 
of  the  mouiL    So  that,  when  the 
Crocodile  holds  submerged  a  drowning      c  :>  ^j^  v^  1 
prey,  the  water  traversing  the  mouth      fe* -fe^^^ 
has  no  access  to  the  glottis.' 

The  membrane  covering  the  dorsum  j 
of  the  tongue  is  beset  by  mucous 
crypts  ;  the  *  ceratoglossi '  divide  into 
fasciculi,  which  decussate  across  the 
median  line. 

A  salivary  apparatus  is  as  little  i(?C'-J>^  i-  X 
specialised  in  Batnichians  as  in  Fishes. 
Mucous  crjrpts  upon  the  tongue  or 
palate  subserve  the  need  of  lubricating 
the  quickly  swaUowed  and  unmasti- 
oated  food*  In  Lizards  a  series  of 
orifices  of  mucous  crypts   extend  1 1  0"^ 

along  the  lip-grooTC  of  bo^  jaws.  In 
the  Crocodile,  besides  the  lingual  fol- 
licles, there  are  groups  of  more  com- 
plex ones  on  each  side,  behind  the 
palato-nares,  opening  into  the  meshes 
of  the  plicated  faucial  membrane.  In 
Chelonians  there  arc  groups  of  mucous 
follicles  below  the  tongue,  representing 
the  sublingual  glands  of  Mammals. 
The  labial  glands  are  abundantly  de- 
veloped in  Ophidians.  The  secretion 
of  the  laorymal  glands  is  added  to  the 
lubricating  fluid  of  the  mouth.  The 
poison-gland  of  yenomous  Serpents 
may  be  regarded  as  a  specially  de- 
yelopcd  parotid,  but  will  be  described 
in  another  section.  In  all  Keptiles 
the  secretions  entering  the  mouth  arc 
rather  mucous  and  mechanical  in  func-  uoatta,guuet«aiidatomacb.croco<uie.ocL. 

>  zx.  vol.  iU.  p.  7S,  pnp,  no,  1466. 
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tion  flum  tndj  salivary,  as  exeicismg  any  alterant  inflaence  on 
the  nature  of  the  food. 

A  'yelom  palati'  is  developed  only  in  the  Cfroeoe^Mat  an 
epiglottis  is  not  present  in  any  Reptile :  the  basihyal  valve  of  the 
Crocodiles  is  analogous  to  one,  and  some  lizards  show  a  rudiment  of 
epiglottis.  The  sides  of  the  pharynx  are  cleft  by  the  gill-slits  in  the 
perennibranchiate  Batrachia ;  and  one  slit  on  each  side  remains 
open  in  some  of  the  caducibranchiate  species,  as,  e.  g.,  in  Mmopoma. 
In  the  Siren  there  are  three  clefts  on  each  side,  defended  by  inter- 
locking pointed  processes,  closely  resembling  the  narrower  of  the 
live  lateral  branchial  clefts  in  the  Lepidosiren,  fig.  316,  i,  3,  4, 
The  oesophagus  is  short  and  wide  in  Bntrarhia,  fig.  294,  of,  <r, 

long  and  wide  in  Ophidiuy  fig.  300,  d, 
e,  f,  of  moderate  length  and  width  in 
Chelonia^  narrower  in  Crocodilia,  fig. 
298,  e,  and  still  more  so  in  insecti- 
vorous LacertiUdy  fig.  303,  e.  It  is 
reniarkablv  dilatable  and  tliin-coated 
in  Snakes,  as  at  fig.  300,  in  which 
its  intrinsic  propelling  power  is  sujv 
plementcd  by  the  constriction  uf  the 
surronndinj;  trunk-muscles  durinir 
the  deglutition  of  bulky  prey.  The 
other  chief  peculiarities  in  the  struc- 
ture of  this  part  of  the  alimentary 
canal  of  Keptiles  are,  the  perforation 
of  its  walls  by  certain  elongated  and 
enameled  hypa}>op]iyses  in  Z^eiro^/o/?,'  ante,  p.  393,  and  the  produc- 
tion of  the  lining  membrane  into  pointed  processes,  directed  to  the 
stomach,  and  covered  by  thick  epithelium  in  the  Turtles  (  Chclone).* 
These  aid  in  the  deglutition  of  the  long  slippery  seaweeds  on 
which  the  Turtle  feeds ;  in  carnivorous  CheUmia  they  are  not 
present ;  the  lining  membrane  in  Testudo  indica,  e.  g.5  is  thrown 
into  longitudinal  ruge  when  undistended,  and  presents  a  fine 
reticular  and  porous  surface.  The  ciliated  epithelium  is  con- 
tinued along  the  gullet  in  Triton,  fig.  294,  r/,  and  in  the  larva*  of 
Toads  and  Frogs.'  The  muscular  tonic  of  the  gullet  is  strongest 
in  the  Turtles. 

The  stomach  presents,  in  Keptiles,  its  most  simple  form  in  the 
Ophidian  and  Batrachian  orders,  especially  in  the  ichthyo-  and 


BatroTvrted  ptoccmm  In  cMoplnciai  of 
Tnrtto  (CIMone).  OOL. 


'  Jounlaii,  in  ccxLil.  torn.  v^.  p.  160. 

'  XX.  loin.  i.  p.  126,  preps,  nos.  460,  461 ;  XLUi.  pt,  iv.  pi.  v.  fig.  7. 
■  ccxuii.  torn,  i  p,  191. 
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ophio-morphous  kinds  of  the  latter.     The  transition  from  the 
gullet  to  the  stomach  is  scarcely  indicated  externally.     On  the 
inner  surface  it  is  shown,  in  the  Python,  by  the  more  vascular 
and  rugous  cliaracter  of  the  longitudinal  folds  continued  into  it 
from  the  a?sophagu9,  the  interspaces  of  the  folds  being  reticulate. 
The  stomach,  which  is  straight,  as  in  the  Rattlesnake,  fig.  300,  y, 
contracts  at  first  gradually,  then  quickly,  to  the 
pylorus,  whence  a  narrow  canal,  of  about  an  inch 
in  length  in  a  Python  of  ten  feet  long,'  conducts 
to  the  suddenly  expanded  intestine.     In  the 
Proteus,  Siren,  and  Amphiuma  the  stomach  is 
long,  cylindrical,  and  nearly  straight;  there  is 
no  intervening  canal  between  pylorus  and  in- 
testine.   The  stomach  is  distinguished  from  the 
oesophflgas  by  the  thicknew  of  its  coats,  and  by 
the  spongy  toad  vascular  character  of  the  lining 
membrane.    In  the  Siren  and  Triton,  fig.  294, 
the  pyloric  end  bends  a  little  to  the  right ;  this 
bend  is  more  marked  in  Salamandrtu    In  the 
Frog,  the  stomach,  fig,  305,  a,  c,  is  pyriform, 
placed  on  the  left  side  of  the  abdomen,  with  a 
slight  curve  to  the  right  side.  In  the  Lizard  the 

stomach,  fig.  301,  a,  is  fusiform,  with  a  similar 
position :  but,  in  curving  to  the  right,  it  ad- 
vances firom  behind  forward.    In  the  Flying 

Lizaxd  {Draco  vohau),  fig.  303,       and  the 

Ignana,  the  stomach  is  rather  pyrifonn,  but  the 

shi^  varies  with  the  state  of  the  contents. 
In  the  Cheloma  the  stomach  so  fiur  accords 

with  the  broad  and  flattened  form  of  trunk  that 

it  is  placed  more  transversely,  bending  as  it  passes 

from  the  left  to  the  right  side.   In  fig.  302  the 

gradual  passage  from  the  oesophagus,  t,  to  the 

stomach,  K,  is  shown  in  the  fresh-water  Tortoise, 

JEn^s  ewropma,  in  which  the  stomach  is  cylin- 

dri<»l  and  elongated,  curving  behind,  and  in  a 

deep  groove  of  the  left  lobe  of  the  liver,  i,  to 

the  right,  where  the  pyloric  portion  of  the 

stomach,  k',  becomes  narrower  and  thicker  in  its 

coats.    The  muscular  fibres  of  the  layer  radiate  from  an 

aponeuiotic  part  on  eseh  side,  at  ihe  chief  bend.   The  mucous 
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membnme  is  dispoeed  in  longitudinal  rugs,  most  marked  at  tlie 
cardiac  half;  the  orifices  of  gastric  follicles  are  nnmeroiis  mt  the 
pyloric  portion.  Here  Hnnter  noticed  *  m  glandnkr  part  on  one 
side,  a  little  way  firom  the  pyloms,  with  many  orifices.'  ■  In  the 
Turtle  (C^dime)  the  muscular  tunic  of  the  stomach  becomes,  in 
the  adult,  remarkably  thick,  for  due  compression  of  the  vegretable 
contents;  in  the  young  animal  the  coats  are  as  thin  as  in  Enufs.'^ 
In  this  genus,  aud  other  carnivorous  CJielonia,  the  cardiac  oriiice 
is  very  wide  compared  with  the  in  loric. 

The  CrocodiUa  present  the  most  complex  stomach  known  in 

existing  members  of  the  Reptilian 
chiss.  The  principal  cavity  is  of  a 
rather  flattened  sub-circular  or  full 
oval  shape;  there  is  a  tendon,  fig. 
298)  t,  at  the  middle  of  each  aide» 
better  defined  than  in  Chebmia,  and 
the  muscular  fibres  radiate  therefiromy 
ib.  /,/•  It  communicates  by  a  wide 
aperture  wiih  the  cesophagus,  and  by 
a  Tery  narrow  one  with  the  pyloric 
portion,  ib.  ff,  which  is  a  small  sub- 
spherical  jx)uch  witli  a  still  smaller 
oblique  aperture  into  the  intestine, 
ib.  k.  The  analogy  to  the  gizzard  ot' 
the  bird  is  further  shown  by  the  fre- 
quent occurrence  of  stones  in  the 
stomach  of  tlie  Crocodile.'  In  all 
carnivorous  Reptiles  the  prey  is  swal- 
lowed whole,  and  its  entry  into  the 
stomach  is  easy :  but  nothing  is  per- 
mitted to  pass  out  into  the  intestine 
except  the  chyme  and  other  fluids. 
In  herbivorous  Reptiles  the  pylorus  gives  passage  to  T^getable 
matters  whose  digestion  is  completed  in  the  colon. 

In  the  disposition  aud  attachment  of  the  intestinal  oanal,  the 

*  OGXXZTi.  vol.  ii.  p.  357. 

*  u.  torn.  L  Ik  US,  pnpi.  not.  ftl4-SlS. 

*  zz.  ToL  i.  p.  146.  prep.  no.  518  a.  In  the  stomach  of  a  Crocodtlujt  acutvs^  from 
Jamaica,  Hunter  'found  the  whole  of  the  feathers  of  a  bird,  with  a  few  of  the  bona, 
which  hnd  lost  all  their  earth,  exactly  similar  to  a  bone  which  has  been  steeped  in  an 
acid.... There  were  f tones  in  the  stomach  of  considerable  size,  larger,  e.  g.  than  the 
endof aman'iUmmb.'  ocxncn. ToLli p. SSr.  Dr. JonM (ooxlt. p. 94) fiowid in 
tiMitomadioran  AUigifeor  •dMboiMi^tMUi»booftysadluurof  apig»  tfMM  hud 
bwB  ratinlj  dlfattsd.' 
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Crocodilia  again  Offfisr  the  chief  exception  to  Keptiles  in  general ; 
in  these  the  mesogaster,  fig.  301,  is  directly  and  broadly  con- 
tinued into  the  mesentery,  as  this  is  into  a  mesocolon;  they 
are  nominal  distinctions  of  the  same  simple  dnplicature  of  the 
peritoneal  membrane.    In  the  Crocodile  the  intestine^  after 
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forming  the  duodenal  loops,  passes  back  to  cross  the  spine  to  the 
lefty  in  close  connection  thereto:  and,  descending,  again  becomes 
loose,  and  defines  a  'root'  or  beginning  of  a  distinct  <  mesentery'; 
in  no  Beptile  is  there  a  separate  mesocolon.  Thus,  it  is  only 
in  Ckw!odilia  that  a  '  duodenal '  portion  of  the  intestine  can  be 
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distmcdy  defined ;  in  other  Reptiles  it  is  indicated  by  its  relation 
to  the  pimcreas  and  to  the  ducts  of  this  gland  and  the  liver,  as  at 
€y  /,  fig.  301  {Lmseria),  fig.  306,  c,  d{Rana),  and  fig.  305  (C%etee> 
The  large  Intestine  is  definitely  marked  off  in  all  Reptiles,  bnt  is 
Bhort  and,  in  most,  simple,  straight,  and  without  c»cal  praiuctioD 
at  its  beginning. 

In  no  Reptile  is  ihe  intestine  so  short  and  straight,  or  so 
long  and  convoluted,  as  in  certain  Fishes;  as  a  general  rule, 
it  ig  sliorter  in  proportion  to  the  trunk  tlian  in  waim-blooded 
Vertebrates. 

In  the  Siren  and  Amjiliiuiiie  the  intestine  niakt*  a  lew  siic»rt 
turns  in  ita  longitudinal  C(^urse,  and  expands  into  a  straight  and 
wide  colon  or  rectum.'  In  the  Menopome'  tlie  convolutions  are 
more  numerous,  and  the  rectum  \&  relatively  wider.  In  C<Bcilia 
the  intestine  is  continued  in  a  slightly  convoluted  manner  to  the 
short  rectum  which  opens  near  the  hinder  extremity  of  the  sn&ke- 
like  body.  The  Newts  and  Sahunanders  have  sliort  intestines, 
with  few  coils ;  bo  likewise  have  the  Toads  and  Frogs ;  bat»  in 
the  Lirval  state  of  the  latter,  the  intestine  is  yery  long,  and  forms 
a  double  series  of  spiral  coils^  fig.  42,  t ;  and  the  modification  by 
absorption  of  this  herbiyorous  type  of  gut  to  the  eamiyorous  one  is 
not  among  the  least  of  the  maryellous  changes  which  the  anourous 
Batrachian  undergoes  in  passing  to  its  adult  condition.  In  mo8t 
Serpents  the  short  intestinal  folds  arc  packed  closely  together  in  a 
long  mass  ])y  cuuHecting  cellular  tissue.  In  Sea-snakes  (Hi/drophis) 
the  coii\(>lutions  are  more  free.  In  Lizards  the  iiitc-tlnal  con- 
voliitioHS  are  comuionly  few,  fig.  301,  /,  fig.  303,  y,  and  free.  In 
the  ilirhnna,  figs.  302  and  304,  the  cunvolutions  of  the  small  gut 
are  larger  aud  more  numerous;  they  are  also  well  nmrked  in 
the  Crocodilia, 

The  muscular  tissue  of  the  intestine  shows  an  external  layer  of 
longitudinal  fibres,  and  an  internal  layer  of  circular  ones ;  the 
latter  is  remarkably  thick  in  Cheiane*  In  ^led  and  tailed 
Bairachia  the  mucous  membrane  presents  fine  undulatory  longi- 
tudinal rug»«  not  parallel,  but  oflten  uniting.  In  Toads  the  ruga 
are  transyerse  at  the  jejunum :  in  Frogs  the  ruga?  are  zigzag. 
The  mucous  membrane  of  the  intestine  presents,  in  the  Python, 
small,  flattened,  scale-like  processes ;  in  some  Serpenta  they  are 
longitudinally  extended,  and  fringed  at  the  margin  j  the  appearance 
of  circular  or  *connivent'  valves  is  due  to  the  close  coils  of  the 
gut  within  a  coiiininri  peritoneal  sheath.  In  the  Chamielcon  tlie 
intestinal  rugte  are  rhomboidal,  and  their  free  border  is  minutely 
>  zz.  tqI  i.  p.  IS9,  pi^k.  no.  444.  *  lb.  p.  S03,pK|ik  na  654. 
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fiml^riate.  In  a  Tortoise  (  TeHudo  indiea)  the  inner  surface  of  the 
email  intestine  is  reticulate:  in  Testudo  tahttlata  and  in  the  jEmi/s 

europcea  it  is  disposed  in  small  and  numerous  lonrritudinal  rugae: 
in  Chelone  imbricata  and  Chelone  Midas  the  principal  rugie  have  a 
wavy  and  slightly  zigjsag  disporfiiiun.  In  the  Crocodile  the  lining 
membrane  of  the  jejunum  i«  finely  reticulate; 
in  the  ilenn^  it  rises  into  ion L::itudiual  folds:  in 
the  colon  it  again  becomes  minutely  reticulate^ 
and  is  thrown  into  irregular  rugn. 

The  intestinal  tube  usually  somewhat  dimi- 
nishes in  diameter  as  it  ^proaches  the  colon* 
Tbe  Batraehia  have  no  ciecum ;  the  small  in- 
testme,  in  the  Frog,  makes  a  sudden  bend,  to 
terminate  obliquely  in  the  short  and  wide  colon  J 
The  more  oblique  entry  of  the  ileum  into  the 
colon  of  the  Crocodile  gives  the  appearance  of  a 
short  poiioli  on  one  side  :  some  of  the  circular 
fibres  of  the  muscular  tunic  enter  the  ileo-colic 
valve.  ^ 

In  the  Python  the  large  intestine  begins  by 
a  subelongate,  pointed  cajcum,  marked  off  from 
the  colon  by  a  plaited  valvular  fold  a  succes- 
sion of  such  folds  occurs  in  the  rest  of  Uie  large 
gut.  In  some  land  and  fresh-water  Tortoises 
(  Testudo  tabulata^  Testudo  ffraea,  Emys  europtEo) 
the  ileum  opens  obliquely  into  the  side  of  the 
beginning  of  the  colon,  leaving  a  short  and 
simple  *  csBCal '  summit  of  that  gut ;  ^  the  mar- 
gins of  the  ileo-ca3cal  orifice  are  puckered  into 
folds,  two  of  which,  in  Testudo  f/rcrca,  arc  continued  into  the 
colon,  the  intervening  groove  extcndini:;  for  a  short  distance 
along  the  curve  of  the  colon.  The  colon  is  longer  and  wider 
in  the  herbivoron*;  Tortoises,  and  usually  contiiins  grass,  leaves, 
or  other  vegetable  substances,  the  small  intestines  being 
empty.  In  some  species  of  Agama  (^Ardiscosoma),  Galiotes, 
Stelliog  Monitory  and  in  the  Draco  volans,  fig.  303,  A,  there  is  a 
small  ciecum  at  the  beginning  of  the  colon,  ib.  i:  and  this  gut, 
when  distended,  seems  distinguishable  from  the  narrower  rectum. 
But  the  most  complex  large  intestine  has  been  met  with  in  the 
herbiYorous  Iguanas,^   The  ileum  terminates  by  a  slit  on  a  ridge 


AUmenUiy  ommI, 


*  XX.  roL  i.  p.  904,  no.  660.      *  Ib.  no.  670.      '  lb.  o<K  671  A, 

•  *v  ToL  i.  p.  806,  no.  671  B. 


*  Ib,  no,  671. 


Digitized  by  Google 


446 


ANATOMY  OF  VSBTBBSATSS 


projecting  into  the  ctecum,  which  is  continue<l  beyond,  spirally, 
and  contracting  to  open  into  the  colon  by  a  rounded  puckered 
aperture,  at  the  end  o£  a  conical  valvular  prominence.  Valvular 
folds  of  the  muoous  membrane  project  into  the  colon  from  its 
concave  side,  decreasing  in  breadth  as  they  descend.    The  ooali 
of  the  intestine  make  smaller  indentations  from  the  convex  side, 
opposite  the  intervab  of  the  larger  folds.    Beyond  these  folds  the 
colon  diminishes  in  diameter,  and  makes  a  sodden  turn  upon 
itself  before  becoming  the  *  rectum.'   The  cscimi  is,  here,  not  a 
mere  '  ci^ut  coli,'  but  a  distinct  segment  of  the  alimentary  canal, 
having  an  orifice  for  ingress,  and  a  second  for  egress,  of  contents, 
analogous  to  the  cardia  and  pylorus  of  the  stomach,  with  parietes 
more  muscular  than  either  of  the  intestines  with  which  it  com- 
municates.* 

It  would  seem,  from  petrified  contents  or  excretions  of  the 
intestine,  that  some  part,  probably  the  terminal  one,  of  this  canal 
had  been  provided,  in  the  extinct  Ichthyosaur,  with  a  spiral  valvCi 
fig.  105  ('coprolite'  figured  below  the  pelvis). 

The  rectum  does  not  open  directly  upon  the  exterior  of  the 
body  in  any  Beptile,  but  into  a  cavity,  or '  cloaca,*  common  to  it 


'  TIm  following  Table  (ccxlv.  p.  92)  gives  the  weight  of  the  body,  in  grai]li^ail4 
the  leogUu  of  the  alimentuy  canal,  in  inches,  in  TarioiK  iieptiies. 


1  Lenirth 

Wcifht  of 

the  U>Jy 

Iv-  riirth  of 

t'l.-  ■  .IT,  ,J 

Menopoma  nUcqhanienxtii       .       •       .       .  . 

indhfli 

""24* 

liana  Catesbtana  (Bullfrog)  .... 

9,  SOO 

94 

Heterodon  nigtr  (Black  viper)  .... 

32 

4,680 

M 

PsammophLs  flagrlli formi.'s  (Coachwhip  MlSkd)  • 

68 

5,  141 

42 

Coluber  gultatuM  (Com  snake)      .       •  *  . 

54 

9,  600 

54 

CbAiAir  eoMfrtdlor  (nack  make)  .      .      ,  • 

64 

5, 100 

M 

Crotalus  addmantrua  (Rattlesnake)       •       •  • 

48 

6,  1«0 

42 

Aiiigator  wtutitsippienisia  (Alligator)    •      .  . 
CSbmW  earetta  (Loggerhead  turtle)     .      .  • 

211.  940 

147 

36,  985 

lOS 

Chdjfdra  serpentina  (Snapping  turtle)  ... 
Emya  reticulata  (Chicken  terrapin) 

16,235 

46 

8,  400 

38 

Emys  serrata  (Yellow-bellied  terrapin)  . 

27,  172 

66 

Ttstudo  Polyphemus  (Gopher)       •       •       •  « 

45,600 

78 

Trim^xferox  (Soft  turtle)  

48 

Iy<'K^'!h  of 

Length  | 

of  the 

of  large 

sto- 

intc«- 

tllMS 

Oheh/dra  srrpcnttna        ,        ,               •        •  • 

inches 

H 

4 

4 

»  1 

inches 
16 
80 
32 
24 
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6 

10 
46 
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with  the  mmacj,  genital,  and  allantoic  orifices,  when  the  latter 
bladder  perastB  in  any  degree. 

In  the  Bairachia^  the  allantois  opens  into  the  fore  part  of  the 
cloaca,  or,  aa  it  seems,  into  that  part  of  the  rectum ;  behind  the 

rectal  outlet  are  the  orifices  of  the  two  sperm-ducts  or  oviducts : 
behind  these  are  the  orifices  of  the  ureters ;  the  genital  and 
urinary  outlets  are  usually  proniinciit.  The  rectal  orifice  is  less 
ciiatinct  and  conBtricted,  and  the  cloaca  seems  more  a  continuation 
of  tlie  f!:nt  than  in  higher  Ko]itl]e?'.  In  the  male  Triton  the 
rectum  forms  a  valvular  projection  into  the  cloaca,  after  it  has 
received  the  orifices  of  the  Tasa  deferentia. 

In  true  Opkidia  there  is  no  remnant  of  aUantois  opening  into 
the  fore  part  of  the  rectum  or  cloaca;  in  Angui*  a  small  bladder 
remains  in  that  connection,*  which  expands,  in  limbed  Lizards,  to 
larger  proportions.  In  Cohtbert  as  in  other  Serpents,  the  temiinal 
orifice  of  the  rectum  is  well  marked ;  behind  it  is  a  semilnnar 
fissure,  receiying  the  outlets  of  the  oviducts,  and  behind  that  is 
the  bUobed  prominence  on  which  the  ureters  open.*  The  cloaca 
in  Lizards  shows  the  iralyular  fold  between  the  intestinal  orifice 
and  those  of  the  genital  and  renal  conduits,  together  with  the 
orifice  ot  the  allantois  at  the  fore  part  of  the  rectum.  In  the 
Chelonin  the  allantois,  fig.  302,  u',  opens  into  the  fore  part  of  the 
cloaca,  buluw  or  beyond  the  rectal  orifice:  this  has  a  distinct 
pphinctcr;  ^  the  comyvu  tment  of  the  cloaca  reccivinfr  the  tenninal 
orifices  of  the  genital  and  urinary  canal,  and  of  the  allantois,  is  also 
divided  by  a  projecting  border,  like  a  distinct  r  rifice,  from  the 
outer  compartment,  in  which  the  clitoris,' fig.  302,  n,  or  penis  lies : 
the  former  is  termed  the  '  urogenital,'  the  latter  the  *  vestibular,' 
part  of  the  cloaca ;  the  urogenital  orifice  is  transverse  or  semi-lunar. 
In  Chefydra  serpentina  the  oviducal  orifices  are  immediately  behind 
the  rectal  one :  the  allantoic  orifice  is  in  front  of  it ;  behind  the 
oviducts  are  the  terminations  of  the  ureters,  and  behind  these, 
within  the  vestibule,  are  the  wide  orifices  of  two  doacal  sacculi,* 
each  of  which  exceeds  the  allantois  in  size.  In  £mi/s  europaa, 
fig.  302,  u,  u,  they  equal  the  allantoic  bladder,  xf.  The  allantois 
in  the  Crocodilia  is  reduced  to  a  urinary  bladder-like  dilatation  of 
the  fore  part  of  the  cloaca,  into  which  the  rectum  opens  obliquely, 
and  by  a  valvular  protrusion  ;  the  genital  orifices  are  behind  this, 

'  S'iren.  TX.  voL  Tio.  269 'i  ;  Arrrphiitma,  lb.  no.  2397;  Mennpoma,  ib.  no.  239  ;  Tor- 
toise,  lb.  nos.  3401,  8699}  Salamandrth  ib*  no,  2407;  Baiut,  ib,  noi.  2409,  2702;  P^pa, 
ih.  no.  2707. 

*  zx.  Tol.  ir.  p.  57,  no.  ft4S9.  *  Ib.  no.  970S.  *  Ib.  voL  i.  na  751. 

*  'Antl  •aceoli,'  xz.toL  it,  (1638)  ^  147,  no.  9729  b,  <V«MiM  aoxiUm,' 
cosuT,  (1889%  p.  456.  *Y9miu  lombafaw,'  ocxnac.  torn,  vi  p.  868. 
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and  then  oome  those  of  the  nreten*^  The  urogenitel  oomperi* 
ment  opens  into  the  veetibnle  by  a  narrow  fi88uie»  the  lower  port 
of  which  is  continued  into  the  groove  of  the  penis  or  diUms 
lying  in  the  vestibule. 

The  cloacal  outlet,  commonly  termed  tlie  'anus,' varies  in  shape 
in  Reptilin^  but  is  more  constant  iu  |)03ition  than  in  Piscm ;  it  is 
never  80  far  forward  as  in  some  of  that  cliMia.  In  tailed  Batnn  iitn 
it  is  a  longitudinal  slit  in  the  axis  of  the  trunk  :  in  anourous 
larvaj  it  is  protected  by  folds  of  membrane,  which  unit«  to  form 
the  lower  border  of  the  tail-fin ;  daring  the  progress  of  abeorptkm 
of  this  natatory  organ  the  anus  is  somewhat  advanced,  and  aasinnes 
a  rounded  form  with  a  sphincter.  In  the  Seanmake  {J^elami/sP) 
the  anus  is  longitudinally  bilabiate,  but  the  anterior  part  of  die 
fissure  is  croeeed  by  a  semilunar  fold  or  ridge*  In  losazds  the 
corresponding  fold,  with  its  scaly  ooTering,  is  larger,  oorers  more 
of  the  orifice^  and  gives  it  a  transyerse  semilunar  shape.  It  has  a 
similar  form  in  the  Turtle.  In  Emt/s  it  is  a  puckered  aperture, 
with  a  tunical  border  beneath  the  base  of  the  tail ;  in  Trumyx  it 
is  a  longitudinal  orifice,  and  nearer  the  end  of  the  short  tail.  In 
the  IgiKina  the  posterior  valve  of  the  cloacal  opening  is  approxi- 
mated, and  aj»plied  to  the  anterior  one  by  a  muscle  which  arises 
from  each  angle  of  the  fissure  or  fold  between  the  tail  and  the 
tiiighs.  The  dilatation  of  the  (»iifice  is  produced  by  two  pairs  of 
muscles,  attached,  the  one  to  the  femoro-caudai  iuld,  the  other  to 
the  lower  surface  of  the  tail. 

§  76.  The  Liver  of  Reptiles,  —  This  organ  is  proportionally 
large  in  all  Reptiles :  its  form  is  mainly  governed  by  that  of  the 
body.  In  Serpents,  fig.  300,  o,  it  is  unilobatc,  long,  and  slender; 
in  Tortoises,  fig.  302,  t,  it  is  short  and  broad,  chiefly  composed  of 
two  snbequal  lobes;  in  Lizards^  fig.  292^  k,  it  offers  an  inter- 
mediate form. 

In  the  Lepidatiren  the  liver  consists  of  one  long  lobe,  with  a 
transverse  notch  on  the  left  side,  lodging  the  gall-bladder.  In 
the  Siren  the  liver  presents  a  similar  form,  with  the  addition  of  a 
small  left  lobe  at  the  anterior  end.  In  the  Amphiumc  the  long 
and  slender  subtrihedral  liver  extends  through  nearly  two  thirds 
of  the  abdominal  cavity,  and  the  gall-bladder  is  an  inch  distant 
from  the  lower  end.  In  the  Menopome  the  liver  i.^  sliorter  and 
broader,  with  the  gall-bladder  lodged  in  a  fissure  ^vluch  makes 
the  posterior  end  bifurcate.  In  the  Newt  the  liver  has  a  similar 
terminal  notch  into  which  a  peritoneal  fold  enters.   In  the  Frog 

'  xz.  ToL  i,  ao.  747,  tuL  it.  bo.  8438. 
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the  liver  is  divided  into  a  right  and  left  lohe,  with  subdivisions  of 
the  latter.  In  the  Pipa  the  riglit  and  left  divisions  are  quite 
distinct,  and  each  is  subdivided.  In  Ccecilia  the  elongated  liver 
is  divided  into  several  small  flattened  lobes.  The  liver,  in  the 
Chameleon,  consists  of  one  lobe;  in  the  Gecko  {Platydactylus 
guttatus)  and  the  Draco  volans,  fig.  292,  A,  it  is  triangular:  the 
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anterior  angle  accompanies  the  vena  cava  towards  the  heart :  a 
second  angle,  m,  m,  enters  the  curve  of  the  stomach :  the  third  is 
directed  backward,  along  the  right  side :  the  gall-bladder  lies  in  a 
notch  between  the  last  two  angles.  In  some  other  Lizards  this 
notch  is  deeper,  and  the  increased  size  of  the  left  process  gives  the 
liver  a  bilobed  character ;  the  vena  portae  enters  the  fissure,  the 
vena  cava  enters  the  longer  right  lobe.  In  the  Iguana  the  liver 
extends  from  right  to  left,  with  a  convexity  forward,  and  with  a 
VOL.  I.  0  0 
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slender  prolongation  along  the  right  side,  into  the  apex  of  whidi 
the  postcaval  vein  enters.    It  has  a  narn»w  *  falcilurm  ligaineni. 

In  the  Crocodile  the  liver  is  divided  into  a  right  and  left  lobe, 
anteriorly,  by  the  heart,  which  almost  wholly  enters  the  iissure. 
The  right  lobe  is  the  largesty  with  the  gall-bladder  on  its  concaTe 
nde*  The  liver  is  more  equally  divided  in  Cht Ionia,  fig.  304,  I, 
and  chiefly  also  by  the  heart,  ib.  a',  b'.  The  stomach,  ib.  k, 
deeply  impresaes  the  left  lobe,  and  U  buried  in  it  in  Bome  species 
{Emys  ierrata}.  In  nuiny  there  is  a  process,  like  the  'lobulus 
Spigelii,'  entering  the  curve  of  the  stomach.  In  the  higher 
Beptiles  the  liver  is  contained  in  a  peritoneal  pouch ;  in  Cheloma 
and  CroeodiHa  each  lobe  has  its  pouch  more  or  less  distinct.  In 
the  Crocodile  the  capsule  becomes  aponeurotic,  whence  it  is  con- 
tinued from  tlie  sterno-sacral  border  of  the  gland  to  the  abdominal 
parietes,  to  be  connected,  like  a  diaphragm,  with  the  trausversus 
abdominis  muscle.* 

The  lobes  of  the  liver  arc  subdivided  into  numerous  and  minute 
lobules,  compactly  united  by  interlobular  cellular  tissue.  The 
lobules  themselves  are  composed  of  corpuscles,  or  *  acini,'  occupy- 
ing  the  meshes  of  the  vascular  network  pervading  the  lobule; 
these  '  acini  *  are  huger  in  Reptiles  than  in  Fishes.  Their 
secretion  finds  its  way  into  biliaiy  canals,  distinguishable  as 
such,  with  proper  walls,  on  the  exterior  of  the  lobule ;  these 
ducts  anastomose  in  the  interlobular  spaces,  and  form  larger 
canals,  accompanying  the  hepatic  vessels,  and,  after  repeated 
unions,  issuing,  as  the  'hepatic  ducts,'  firom  the  portal  fissure. 
The  walls  of  the  ducts  have  no  follicular  glandules.  The  hepatic 
tissue  in  Reptiles  is  usually  solter  than  in  warm-blooded  Vene- 

'  l>r.  Jones,  CCxLV.  p.  1 13,  ascertained  the  \veiy;ht  of  the  body  and  of  iho  liver  in  tho 
followiiig  ReptUiOf  and  gives  the  rehitiTC  weight  of  the  latter  in  the  bubjuiacd  form. 


/Zona  CaiMma  (BallAog) 

Heterodon  niger  (Black  riper) 
PsammophiaflagtUiformia  (Coachwhip  snake) 
Coluber  guttatus  (Corn-snake)  . 
Cdmber  constriektr  (Black  snake)  • 
Crotalua  adamanteus  (Tlattlesnake)  *  . 
Alligator  miansaippienna  {\\Y\^9^,or)  . 
CkeUme  caretta  (Ix^gerbead  Turtle)  . 
Chelydra  terpentina  (Snapping  tnitle) 
Enn;^  (rrrrrjtin  (Salt* water  terrapin)  , 
Eimjs  nUcuUUu  (Chicken  terrapin) 
Emya  Mrrala  (Tdkm-beUicd  terrapin) 
7efftidb  A^pMMw  (Oopher) 


in  fotUns. 
9,  800 

4,  620 

5,  141 
9,600 
5,100 

6,  180 
76,  507 
36,  965 
16,985 
1!,937 
8.  400 
23,  100 
46,500 


Number  ot 
times  the 
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55 
SG 

71 
64 
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55 
73 
47 
4S 
53 
18 
48 
60 
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brates,  and  firmer  than  in  Fishes.  It  never  contains  so  large  a 
proportion  of  oil  as  in  plagiostomous  and  some  other  Fishes. 

A  gall-bladder  exists  in  all  Reptiles.    It  lies  in  a  notch  on  the 
left  side  of  the  elongated  liver  in  the  Lcpidosiren,  Siren,  Proteus, 
and  Amphiume,  and  iu  a  notch  at  the  hind  end  of  the  liver  in 
JMenopoma,  TritoUy  and  Salamandra,    In  Anourous  Batrachia  the 
gall-bladder  is  imbedded  in  the  right  lobe.    In  the  Chameleon 
the  gall-liladder  is  at  the  hind  border  of  the  liver;  in  Draco 
rolmis,  fin;.  292,  m,  it  lies  in  the  notch  between  the  left  aiul  hinder 
angle ;  iu  the  Cyclodus  and  Iguana  in  the  notch  between  the  two 
hinder  divisions  of  the  liver.     The  giili-bla<^lder  is  deeply  im- 
bedded in  the  substance  of  the  right  lobe  of  the  liver  in  Trstudo; 
it  adheres  by  about  one  third  of  its  length  to  the  right  l  iic  in 
Clu'Jone:  it  has  a  similar  attachment  in  Crocodilus,  hut  ]>  less 
closely  connected,  and  Rometimcs  quite  detached,  in  AUiyator  and 
Gavialis,   In  true  Ophidia  the  gall-bladder,  fig.  300,/>,is  removed 
beyond  the  liver  to  the  side  of  the  narrow  canal  connecting  the 
stomach  with  the  intestine.    In  the  snake-like  Tjizards  (AnguU^ 
Amphishcpini)  the  gall-bladder  is  in  contact  with  the  liver. 

In  Lrpidosiren,  Siren,  and  Amphiuma^  the  hepatic  ductvS  com- 
municate with  the  cystic,  or  with  the  gall-bladder  (iSV/vv^),  and 
the  bile  is  conveyed  directly  by  the  cystic  duct  to  the  beginning 
of  the  intestine.    In  the  Iguana  there  is  a  distinct  hepatic  duct 
which  enters  the  duodenum  about  an  inch  from  the  pylorus, 
a  cyst-liepatio  duct  which  enters  the  side  of  the  gall-V  l  adder,  and 
cystic  ducts  which  leave  the  globose  bladder  abruptly.    In  CAe- 
hma  the  hepatic  ducts  unite  with  the  cystic :  but  ^^ome^mcs  one 
IB  continued  directly  to  the  intestine  (  Testudo  grcBca),  In  Chehne 
Mida$  a  long  hepatic  duct  from  the  left  lobe  unites  with  a  shorter 
one  from  the  right  lobe,  and  the  trunk  joins  the  cystic  near  its 
entrance  into  the  duodenum.    The  cystic  is  very  short  and  wide» 
and  runs  obliquely  through  the  thick  wails  of  the  duodenum. 
In  the  Crocodile  the  bepatio  duct  sends  a  branch  to  the  gall- 
bladder, and  goes  to  terminate  in  the  duodenum,  distinct  from  the 
cystic.    This  arises  from  the  apex  of  the  bladder,  and  is  long  and 
straight    In  Ophidia  the  hepatic  duct  is  of  great  lengtli,  and 
nnites  with  the  cystic  in  the  substance  of  the  pancreas,  near 
the  termination  of  the  common  duct.   In  some  species  {Dixpho' 
Udm)  it  previously  sends  a  branch  direcUy  to  the  gall-bladder. 
The  cystic  duct  in  J^tium^  suogle  at  its  conunencement,  divides 
into  numerous  branches,  which  penetrate  the  pancreas,  and  re- 
unite with  each  other  and  the  hepatic  before  terminating  in  the 
duodenum.    The  advantage  of  this  modification  of  the  biliary 
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receptacle  and  ducto  is  obvious.  Had  die  gall-bladder  beat 
attached  to  the  livor^  as  in  insectivoiotis  Anguidm  and  Lizarity 
it  would  have  been  compressed  by  the  piey,  which  in  tme 
Serpents  is  usoally  of  large  bulk  when  introduced  into  the 
stomach.  The  stintulus  of  such  pressure  would  haye  led  to  tiis 
expulsion  of  the  contents  of  the  gall-bladder  into  the  intestiDe 
before  the  chyme  had  been  prepared,  and  passed  on  into  the 
gut :  the  relative  position  of  the  liver  to  the  stomach  anbjectB 
the  gland  to  such  stimulus  to  secrete  whilst  the  contents  of  the 
distended  stomach  are  undergoing  digestion.  The  bfle  is  eon- 
veyed  away  by  the  long  hepatic  duct,  but  is  reflected  along 
the  branching  cystic  ducts  to  the  gall-bladder,  which  has  been 
tiaiisfcrred  to  a  position  beyond  the  pressure  of  the  stomach.  It 
is  so  placed,  however,  as  to  be  affected  by  the  distension  of  the 
narrow  canal  which  conveys  the  chyme  to  the  duodenum,  and  i- 
thus  stinnilated  to  render  up  the  bile  to  the  gut,  ju-L  at  the  time 
when  it  is  wanted  for  the  separation  of  the  chyle  I'rum  the  chyme. 
This  fact  in  comparative  anatomy  is  significant  of  the  share  taken 
by  the  biliary  secretion  in  the  act  of  chylification. 

The  rrall-liladdei-  is  nut,  however,  a  simple  reservoir;  its  vascular 
and  secreting  inner  surface  can  operate  upon  the  bile  hy  lx)th 
subtraction  and  addition:  the  more  watery  part  may  be  dinuiiished 
by  absorption :  the  cylindrical  epithelial  cells  whicli  form  the 
iiiiK'rmost  layer  of  tlic  mucous  niembmne  may  hv  >\\v^  into  the 
liquid,  with  tlie  contents  of  mucous  follicles  wliioli  arc  more  or 
less  developed  in  that  iiu  nil)i  ;nic.  The  mucous  surface  is 
augmented  by  minute  furrows  iu  the  Crocudiie :  in  the  Testmdo 
elephantopus  it  is  nearly  smooth. 

The  bile  in  Clulonia  and  most  Reptiles  is  green:  Hunter 
notices  its  pale  yellow  colour  in  the  *  Water-snake,'  and  its  want 
of  bitter  taste  in  the  Cliameleon*^  Chemical  researches  on  the 
nature  of  bile  have  been  almost  exclusively  confined  to  that  of 
Mammals,  in  connection  with  which  class  the  chief  results  will 
be  noted.  The  glycocholic  acid  is  wanting  in  the  bile  of  the 
Boa,  as  in  that  of  the  Dog.  As  might  be  supposed,  from  the 
prevalent  colour  of  the  bile  in  Keptiles,  the  'biliverdine'  primarily 
exists  in  it^  not  as  a  transformation  of  '  cholepyrrhine,'  which  is 
the  primary  colouring  principle  in  most  Mammals.  The  propor- 
tion of  taurocholate  of  soda  in  the  bile  of  a  Python  is  estimated 
at  8*46  in  100,  and  in  that  of  a  Boa  to  6-2  in  100 ;  a  trace  of  the 
same  principle  has  been  detected  in  the  bile  of  a  Tortoise.  In 

*  OOXZxn.  ToL  iL  pp.  879*  378. 
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all  Hcptiles  the  hile  is  poured  into  the  gut  near  to,  sometimes 
close  to,  the  pylorus.^ 

§  77.  Pancreas  of  Reptiles.  —  The  pancreas  in  Reptiles  is  a 
light  grey  or  yellowish,  sometimes  pinkish,  coloured  gland,  con- 
sisting of  numerous  *  acini,*  giving  origin  each  to  a  duct,  the 
acini  being  united  by  them,  like  the  short  stalks  of  grapes^  in 
bunches,  about  a  larger  duct; 
such  acjrrefiates  or  *  lobules* 
further  uniting  into  *  lobes,' 
and  their  ducts  into  a  com- 
mon canal,  which  terminates 
either  with,  or  close  to,  the 
biliary  dact  in  tlie  intestine. 
The  lobes  are  aepante  in 
Python,  of  a  Bnbcireulsr 
flattened  form,  suspended 
duster-wise  by  ducts  of  from 
six  to  twelve  lines  in  lengthy 
before  uniting  into  the  com- 
mon oanaL 

The  pancreas  has  a  dose 
texture  in  herbiyorous  Che- 
itmia,  forming  a  thin  layer, 
spread  out  in  the  duodenal 
mesentery,  fig.  305,  where 
it  branches  into  numerous 
lobes.  In  most  Ophidians 
and  in  many  Lizards  it  pre-  ^^''•"■■■^•••■•'^•'■'•i*  J«i«*).«wixi 

sents  a  more  compact  form,  fig.  301,  /.  There  are  intermediate 
conditions  of  structure  in  the  present  class.  The  pancreas  is 
ramified  in  Menchranchus :  it  is  more  circumscribed  in  Menopomay 
where  it  forms  a  long,  slender,  yellow  gland.  It  is  rather  broader 
in  Amphiuma  and  Triton.  In  the  Frog,  fig.  306,/),  it  is  flattened, 
elongate,  narrowest  at  the  emergence  of  the  duct  (opjwsite  r),  and 
sending  a  ])roeess,  which  surrounds  the  gall-duct,  as  far  a8  the  gall- 
bladder. In  the  Salamander  it  is  long  and  narrow.  It  is  thick  and 
pyramidal  in  Ca  cilia  alhivcnter  \  straight,  elongate,  and  slightly 
forked  in  Ccecilia  inter rnpta :  it  is  ovoid  in  most  Colubridce ;  of  a 

'  The  relative  size  of  the  liver  in  Reptilia  does  not  relate  to,  or  throw  light  on,  ilt 
probable  accessory  function  as  an  claborator  of  the  albumen  and  disc-cells  of  the 
Mood,  or  as  helping  to  maintaia  animal  temperature  by  the  formation  of  grape-sugar 
otttof  iheaitragHiiiedelMrantt.  Dr.  JonM^howemvdtleelediliepNMaeeofgrape- 
rasw  in  die  lim  of  ccldFUoodad  Aiiiaak  at  aU  periods 
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compact  triangular  form  in  the  Rattlesnakci'  where  it  is  closely 
attached  to  the  commencement  of  the  intestine,  and  is  perforated  by 
the  hiliary  ducts.  The  pancreas  is  small  and  flattened  in  Lizard*, 
usually  dividing  as  it  recedes  from  the  attachment  by  the  duct  to 

the  duodenum  into  a  portion  accompanying 
the  biliary  duct,  and  another  extending  to 
or  towards  the  spleen.  It  is  very  small  in 
the  Iguana.  In  the  Crocodile  the  pan- 
creas is  di\'ided  into  two  elongated  lobes, 
and  sometimes  sends  its  secretion  into  the 
duodenum  by  two  ducts.  In  Chelifdra 
serpentina  the  pancreas  extends  from  the 
pylorus  some  inches  along  the  duodenum, 
dividing  and  again  uniting,  forming  a  loop, 
and  giving  off  a  process  which  extends  to 
the  spleen.  In  the  Turtle  (  Chelone  Midas) 
the  pancreatic  duct  terminates  on  a  pa- 
pilla, which  projects  into  the  terminal  ex- 
pansion, or  'ampulla,'  of  the  bile-ducL 
The  pancreas  in  carnivorous  Terrapins  (Emt/s)  is  more  bulky 
and  compact  in  form  than  in  the  fucivorous  Turtles  (  Chelone), 
Thus  in  the  vegetable-feeding  Gopher  the  pancreas  is  -3-5^0 
the  total  weight  of  the  animal :  whilst  in  the  carnivorous  Snapper 
it  is  -^^jf  of  the  total  weight  of  the  animal.  As  the  proportion 
of  fat  consumed  by  Carnivora  must  be  greater  than  that  by 
Herbivora,  the  results  of  the  above  comparative  observations 
accord  with  the  view  of  the  use  of  tlie  pancreas  in  preparing 
fatty  matters  for  absorption.* 


Llvor.  iMUirrran.  nnd  ^ploon  of 
tbo  Frug  citaiui).  cxixxxi. 


'  XX.  vol.  i.  p.  235,  no.  778. 

'  Dr.  Jones,  ccxlv.  p.  107,  ascertained  the  weight  of  the  body  and  of  the  pancreas 
in  sevtTal  American  Reptilia,  and  gives  the  relative  weight  of  the  latter  in  the  sub- 
joined form. 


Ttana  Cateabiana  (Bnll-frog)     .       .  , 
Hetcrodon  niger  (Black  viix-r) 
Psammophis  Jlttgelliformis  (Coachwliip  snakc) 
Cf>/i//>('r  ^u(^<i/«*  (Corn  snake)  . 
C«/u/>rr  conj»fr*ctor  (Black  snake) 
Cro/o/uj  (/uri«.vu.v(  Banded  rattlesnake) 
Chelone  carctta  (rx)pf;erhcad  turtle)  . 
Chelydra  serpentina  (Snapping  turtle) 
Emyt  terrapin  (Salt-water  terrapin)  . 
Emys  reticulata  (Chicken  terrapin) 
Emya  serraUi  (Yellow-bellied  terrapin) 
Teatudo  Polyphemua  (male  Gopher)  . 


Number  of  timM 

the  weiffht 
of  it«  pancma. 


1088 
537 
1353 
1371 
47S 
965 
518 
630 
994 
763 
1067 
3500 


4&S 


CHAPTER  VL 

ABSOBBBNT  8T8TBM  OF  HAXCATOCBTA. 

§  78.  All  the  definite  stractares  of  eofl  parts — aciiki  and 
simpler  gland-follicles,  their  prolonged  outlets  or '  ducts/— com-* 
pncted  sheets  or  strata  called  '  skin '  and  '  membranes/  mucous  or 
serous, — bladders,  sinuses,  and  tubes,  arterial  or  venous, — threads 
or  fibres,  inus>cular,  ligamentous,  or  nervous — are  covered,  coated, 
or  lined,  by  a  loose  or  soft  elastic  substance,  which,  as  it  con- 
nects the  better-defined  structures  together,  and  fills  up  their 
interspaces,  is  termed  *  connective  tissue'  (tela  conjunctiva,  tela 
celiif/osa).  It  is  dispersed  in  irregular  plates,  with  intervals,  cells,  or 
'  lacunaj,'  and  the  plates  consist  of  delicate  and  extremely  minute 
fibnls.  The  intervals  contain  a  fluid  called  ^serous/  varying 
in  quantity,  and  also  in  quality,  according  to  circumstances : 
and  they  intercommunicate  freely.  These  cavities  are  the  scat 
of  a  transudation  from  ^  vessels  *  and  other  more  definite  fluid* 
holding  structures  during  life :  and  reciprocally  the  '  serosity '  is 
resumed  by  the  beginnings  or  pores  of  sinuses  and  canals. 

The  serosity  of  the  cavities  of  the  connective  tissue  usually 
consists  of — 

Water    .   .    975  20 

Albamen  542 

EztraetiTe  nuUten  ind  fafe  0*76 

Mixed  ralta  15-6S ' 

But  it  i'«  subject  to  varieties  i'nnw  many  causes,  uiechauical  and 
chemical,  o])erating  both  wltliin  and  out  of  tlie  body. 

The  vessels  or  canals  which  seem  to  be  most  closely  connected 
with,  or  to  be  most  directiy  traceable  from,  the  connective 
tissue  and  its  lacunar  are  those  called  lymphatics,  lacteals,  and 
absorbent  vessels.  This  system  exists  as  a  separate  organic 
vascular  apparatus  only  in  the  Vertebrate  subkingdom:  it  was 
first  observed  in  Mammalia,'  was  discovered  by  John  Hunter  in 

'  CCLII. 

-  In  t!ic  dog,  hv  AfcIIi,  in  1622  :  at  least  the  part  of  (be  absorbent  ^gntem  celled 
*  lacteals,'  in  the  meseatery  oS  the  aniouU.  ccuii.  , 
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Bml.s^  and  rvt  ptiles,- and  afterwards  described  by  iMr.  Ilewson 
and  Dr.  Monro  in  Fishee.  The  most  systematic  and  detailed 
descriptions  of  the  absorbent  system  of  tlie  Oviparous  Auimab, 
published  in  the  last  century,  are  those  of  Hewson.' 

§  79.  Absorbents  of  Fishes,  —  The  lacteal  system  in  Fishes 
commences  by  a  rettcnlate  or  pleziform  layer  of  vessels  attached 
to  the  connective  tiaane  on  the  outer  or  ceUvdar  side  of  the  mucous 
coat  of  the  stomach  and  intestines :  in  the  Skate*  the  network  is  so 
coarse  that,  when  inflated,  dried,  and  cut  open,  it  appears  like  a 
subdivided  cellular  or  areolar  receptacle.  The  chyle  is  conveyed 
thence  in  all  Fishes  by  more  vasiform  lacteals,  situated  immediately 
beneath  the  serous  covering  of  the  intestines,  to  large  reticulate  re- 
ceptacles, one  in  the  mesenteric  angle  along  the  junction  of  the  small 
and  large  intestines,  the  other  extending  along  the  duodenum,  its 
pancreatic  tippeudagcs,  and  tlie  pyloric  part  of  the  stomach,  and 
often  also  surrounding  the  sjiK  (  !i.  The  j)re8L'UCC  of  the  mesentery 
in  the  Myxinoids,  and  its  absence  in  the  Lampreys,  involve  corre- 
sponding dilierences  in  their  lacteal  systems :  in  the  Myxinoids 
the  lacteals  are  supported  and  conveyed  by  the  mesentery  to  the 
dorsal  region  of  tiie  abdomen,  and  empty  themselves  into  a 
receptacle  above  the  aorta  and  the  cardinal  veins,  between  tiiese 
and  the  vertebral  chord:  in  the  Lamprey  the  lacteals  pass 
forward,  and  enter  the  abdominal  cavernous  sinus  beneath  the 
aorta. 

The  lymphatic  system  is  best  demonstrated  by  injecting  the 
large  absorbent  trunk  which  runs  upon  the  inner  sui&ce  of  the 

'  *  It  is  bnt  doing  justice  to  the  iogenioiu  Mr.  John  Hunter  to  mention  here,  th«i 
these  iTiiiphatki  in  Ihe  necke  of  fowls  were  ilfsl  diioovered  by  him  ouny  yean  ego.' 

(Hewson,  civ.  176S,  p.  220.) 

'  Hunter*f  account  of  this  di^^oovory  is  as  follows: — '  In  the  beginning  of  the  winter 
1764-3, 1  got  a  crocodile,  whicii  had  hecn  in  a  uhovr  for  several  years  in  London 
before  it  died.  It  was,  ai  liic  time  of  its  death,  perhaps  the  largest  ever  seen  in  this 
oooatoy,  baying  grown,  to  my  knowledge,  above  three  feel  in.  length,  and  was  ahove 
five  feet  long  when  it  died.  I  sent  to  Mr.  Hewson,  and,  before  I  opened  it,  I  read  over 
to  him  my  former  descriptions  of  the  dissections  of  this  animal  relative  to  the'abeorbuig 
nyt^fom*  both  of  some  of  the  larger  Ijonphatics  and  of  tbe  lacteal?,  wiih  a  view  to  «:ec 
huw  tar  these  descriptions  would  agree  with  the  appearances  in  the  anunsil  now  b^torc 
US;  and,  on  comparing  them,  thej  exactly  corresponded.  This  was  the  crocodile 
tnm  which  Kr.  Hewson  took  his  observations  of  the  oolonr  of  the  dijle.'  Hunter 
here  alludes  to  the  note  appended  to  Mr.  Hewson's  paper  on  the  *Ljniphatae  System 
in  Amphibious  Animals,'  Philosophical  Transactions,  vol.  lix.  1769,  p.  199  a*  *  In 
a  crocodile  which  I  lately  saw  by  favour  of  Mr.  ioim  Uooter,  the  chyle  was 
white*' 

•  0ET*  17€8»  1769. 

*  In  this  and  other  FlagiostooMS  the  gastric  lacteals  are  confined  chiefly  to  the 
contracted  pylorie  canal 
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ventral  |>ai'iete.s  of  the  abdomen,  along  the  luediiiii  line  from  the 
vent  forward  to  the  interbjiucc  of  the  pector;il  iins,  wliere  the 
aize  of  the  vessel  best  favours  the  insertion  of  the  iiyectiug-pipe. 
It  receives  the  lymphatics  of  the  pectorals,  and  (in  thoracic  and 
jugular  Fishes)  of  the  ventral  fins :  then»  advancing  forward 
through  the  cora<  oid  arch,  it  spreatls  out  into  a  rich  network, 
which  almost  surrounds  the  pericardium.  The  lymphatic  plexus 
which  covers  tlie  heart  of  the  Sturgeon  and  Paddle-tiah  presents 
a  spongy  and  almost  glandular  apjiearance  when  uninjected  :  the 
tissue  between  the  muscular  and  mucous  coats  of  the  gullet  in 
the  Kays,*  the  gland-like  mass  in  the  orliit  and  palate  of  the 
Chimjerai,  and  that  lodged  in  a  peritoneal  fold  of  certain  Sharks, 
muy  likewise  be  appendages  to  the  lymphatic  system."  Large 
lymphatic  trunks  from  the  upper  (dorsal)  part  of  the  circura- 
cardial  jdexus  receive  the  lymphatics  of  the  myocommata  by  a 
deep-seated  trunk  which  runs  along  the  ribs,  and  the  lynifthatii  s 
of  the  mucous  ducts  and  integuments  by  a  sup*  iHrial  trunk  which 
extends  along  the  lateral  line,  and  gets  a  penniform  character  by 
the  regular  mode  in  which  its  tributary  lymphatics  join  it. 

In  the  Wolf-fish  (^Anarrhichas)  the  lacteals  commence  in  pro- 
cesses of  the  edges  of  the  mucous  folds  by  cells  or  blind  ends, 
from  which  the  vessels  proceed  to  ibnn  a  close  plexus  on  the 
outer  surface  of  the  intestine,  and  accompany  in  a  plexiform 
manner  the  bloodvessels.  In  the  Turbot  there  are  similar 
plexiform  surroundings  of  the  bloodvessels  of  the  stomach :  and 
in  Silurtis  glanis  the  lacteal  network  covers  all  the  stomach.' 

In  the  £el  the  gastro-enterio  absorbent  plexus  communicates 
with  a  oaTemooB  sinus  upon  the  lower  surface  of  the  stomach, 
and  with  a  larger  one  which  accompames  the  intestinal  canal, 
whence  other  plexuses  pass  to  the  great  subvertebral  lymphatic 
trunks.  Along  the  free  border  of  the  intestinal  spiral  valve,  in 
Plagiostomes,  there  is  a  varicose  lacteal  reservoir,  from  which 
proceed  the  yessels  forming  the  reticulate  layer  beneath  the 
mucous  membrane.  The  lymphatics  of  the  head  form  minor 
plexuses  at  the  bases  of  the  orbits,  and  in  the  Carp  they  extend 
into  the  basi-cranial  canal ;  those  from  the  cellular  arachnoid  pass 
through  the  occipital  foramen  to  join  the  lymphatics  of  the  spinal 
canal,  and  terminate  in  the  cervical  and  sub-occipital  trunks^ 
which  receive  the  lymphatics  from  the  upper  extremities  of  the 
gills:  these,  with  the  deep-seated  lymphatics  from  the  kidneys, 
join  the  single  or  double  trunks  at  the  under  part  of  the  Tertebral 

*  XX.  vol.  i.  p.  126,  no.  462.  *  CCUu.  p.  269. 

*  or.  pp.  %1,  30,  pi.  6,  figt.  1  sad  S )  pL  7,  figa.  a  ud  4* 
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oolnrnn,  which  combme  with  the  lacteal  piezifomi  tninks  oon- 
tmued  forward  along  each  aide  of  the  stomach  and  cesophagm, 
to  fonn  a  large,  ahort,  oommon  lacteo-ljmphatie  tnizilc  on  eadi 
Bide»  which  terminates  in  ihe  jngnlar  Tein  near  its  jonctioa  with 
the  short  precaYal  yein.  Fohman '  desciibee  other  and  minor  coos- 
mnnications  between  the  absorbent  and  Tenons  systems  of  Fiahcs^ 
as,  e.  g.f  in  the  gastric  and  intestinal  ^exoses  in  the  Sheat-fish 
and  Turbot  The  lymphatic  system  of  the  caudal  portion  of  the 
body  is  chiefly  received  by  two  caudal  sinuses,  interoonunumcating 
by  a  transverse  canal,  which  sometimes  perforates  the  base  of  tiie 
anohyloBed  compressed  terminal  tail-vertebra. 

The  lymphatics  of  Eishes  consist  generally  of  a  single  tunic: 
a  most  deUcate  epithelial  lining  may  be  distinguished  in  the 
larger  trunks.  The  only  situations  where  valves  have  been  seen 
in  these  vessels  are  at  the  terminations  of  the  trunks  in  the 
caudal  and  the  jugular  vdns.  There  are  no  lymphatic  glands : 
these  are  represented  by  the  large  and  numerous  plexuses,  and 
possibly  by  the  gland-like  layers  or  substances  above-mentioned 
The  chyle  as  well  as  the  lymph  of  Fishes  is  colourless  and 
transparent:  the  plasmic  corpuscles  or  lymph-cells  are  few  in 
number.^  The  analysis  of  tlie  lymph  in  Fishes  is  £till  a 
desideratum. 

§  80.  AJtsorhents  of  Reptiles. —  In  the  intestines  of  the  Frog 
and  Salamander  the  lacteals  form  a  network  of  larsje  canals, 
with  minute  or  close  meshes  coextensive  with  the  mucous 
membrane;  the  vessels  continued  therefrum  accomiiany  tlie 
mesenteric  arteries,  sometimes  forming  a  pair,  running  along 
opposite  sides,  with  occassional  connecting  cross-branches ;  more 
connnunly  having  these  so  numerous  as  to  constitute  a  continuous 
reticulate  sheath  about  the  artery,  the  cavity  of  which  sheath 
seems,  in  .some  parts,  to  be  only  panially  divided  by  cross 
threadjj.^  These  lacteals,  or  intestinal  lymphatiis,  open  into  a 
receptacle  at  the  dor^ial  line  of  reflection  of  the  mesentery,  of 
large  size  in  the  Frog,  but  contracted  and  assuming  rather  the 

'  In  CXLY.  these  lymph-corpuscles  are  described  as  'centra  of  assimilatiye  f<>rc«, 
TOwitfeBtiiig  inherent  power  of  derdopement  and  diange,  some  being  granular,  others 
with  a  capsule  and  in  the  condition  of  nucleated  cells,'  S4S  (1846).  Plro£  KolUker 
testifies  to  the  flssiparous  tti nit; plication  of  the  lympli-oorpnscles  in  the  lactcals  of  the 
dog,  c«t»  ami  rabbit.  The  corpuscle,  in  the  condition  of  the  nucleated  cell,  elongates, 
the  nucleus  divides  iuto  two  ;  between  which  the  cell  contracu  and  tinallj  divide 
(ocuoi.  p.  689>  la  Fiihee  the  ntideae  nndcigoes  fniAer  eabdifisioB  befove  the 
fiaAxm  of  the  ceiU  takee  place. 

*  OCLVI.  p»  849. 
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fofm  of  a  *  thoracic  duct'  in  the  Newt;  it  proceeds  alonn;  the  aorta 
in  both,  comniuiiicatmg  with  lymphatic  canaU  ii*  ar  the  liver,  mid 
dividincf  anteriorly,  to  accompany  the  ricfht  and  left  aortic  arclies, 
and  to  n  (  cive  the  lymphatic  conduits  trom  the  head  and  fore-limbs, 
before  tirminatina-  m  the  subclavian  veins.  Soniu  of  the  vo?pols, 
both  arterlc-^  ami  vein?,  of  the  trunk  have  a  similar  lymphatic 
sheath,  but  the  princi|)al  conduits  of  the  lymph,  in  the  T^nfrarhin, 
have  tlie  form  of  irreguhir  sinuses  or  lacuna;,  of  great  capacity 
between  the  skin  and  flesh,  and  of  smaller  size  in  the  inter- 
muscular spaces  of  the  limbs.'  Air  or  liquid  introduced  into 
these  lymph-receptacles  finds  its  way  into  the  veins  by  the  above, 
and  perhaps  other,  comnumications.  The  lymphatics  of  the 
}iind-j)art  of  the  body  and  limbs  conmiunicate  with  a  pair  of 
subcutaneous  receptacles,  with  contractile  walls,  behind  each 
femoral  joint;  tliere  is  a  similar  pair  in  front  of  the  scapole.' 
These  receptacles  have  a  subrhythmical  action,  not  synchronous 
with  one  anotlier»  or  with  the  pulsations  of  the  heart,  or  with 
any  of  the  movements  of  respiration^  which  in  Batrachia  are 
d^lutitional  chiefly.  The  muscular  fibres  of  these  *  lymph- 
hearts*  are  of  the  striped  kind.'  The  cervical  pair  transmit 
their  lymph  into  the  jurrular  veins,  and  distend  them  at  each 
systole.  The  pelvic  lymph-hearts  have  been  seen  to  pulsate 
sixty  times  in  the  minute  in  a  frog.^  In  the  hurge  Ceratopkrys 
camuta  two  pairs  of  ischiadic  lymph-hearts  have  been  found/ 

In  the  Tortoise  the  pelvic  lymph-hearts  are  two,  of  a  more 
circumscribed  rounded  form,  situated  on  each  side  of  the  bodies 
of  the  Tertebme^  between  the  femoral  joints  and  the  hind-border 
of  the  carapace;  the  valves  at  the  inlets  and  outlets  of  the 
lymph  conduits,  impressing  the  course  of  motion  of  the  fluids 
are  here  readily  seen.*  Jn  Lizards  and  Crocodiles  the  pelvic 
lymph-hearts  are  dtoated  near  or  upon  the  diapophyses  of  the 
first  caudal  vertebra.  In  J^uudopus  PaUam  they  He  between 
the  muscles  upon  the  sacral  diapophyBes,  receiving  the  lymph 
each  by  a  nngle  conduit  from  the  great  abdominal  sinus,  and 
transmitting  it  to  the  umbilical  veins ;  they  pulsate  about  fifty 
times  in  tiie  minute.^  In  true  Serpents  {I^hon,  e.  g.)  the 
lymph-hearts  are  elongate,  and  situated  behmd  the  last  pair  of 
ribs  and  upon  the  rib-like  diapophyses  of  the  anterior  caudal 
vertebr»;  they  receive  the  lymph  by  three  orifices  at  one  end, 
and  transmit  it  by  two  opposite  orifices,  to  conduits  com- 

*  ccLvii,  p.  28.  *  OCLV.  p.  89.  •  ccLvni,  p.  58. 

*  waaw.  *  Hi.        *  oolt.  pL  1.  '  ocldl  p.  95,  pL  S. 
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municating  with  the  caudal  vein.  The  tlirce  tunics  of  these 
hearts,  of  which  the  inicldle  one  is  muscular,  with  the  inferent 
an (1   aflerent  valvular  structures,  are  well  displayed  in  the 

Tlie  iutestinal  lymphatics,  in  Serpents,  open  into  a  large 
receptacle,  extending  along  the  root  of  the  mesentery,  beginning 
near  the  vent  where  it  is  narrow,  reoeiving  the  lymphatics  of 
the  tail,  and  extending  forward,  greatly  expanded,  as  far  as  the 
stomach,  where  it  forms  a  cul-de-sac.  This  receptacle  is  reflected 
about  tlie  aorta,  which  seems  included  in  it»  and  rec^ves  the 
lymphatics  of  the  genital  organs,  kidneys,  and  intestines.  Before 
reaching  the  stoinach,  it  sends  off  a  pleziform  conduit,  which 
receives  the  lymphatics  of  the  pancreas,  spleen,  stomach,  and 
liver,  ih.e  latter  gland  being  more  or  less  completely  eheathed  by 
the  lymphatic  receptacle;  this  then  contracts  into  an  irregular 
caiiiil  a>s  it  approaches  the  pericardium,  where  it  terminates  in  a 
cul-cle-sac,  but  transmits  the  lynii)li  by  several  lateral  vessels  to 
a  large  plexun  near  the  great  vessels  of  the  heart.  The  ab(t\  e 
continuation  of  the  abdominal  recept^icle  has  been  called  the 
'  right '  or  '  inferior  '  thoracic  duct.  The  *  left '  or  *  superior '  or 
'dorsal'  thoracic  duct  leaves  the  great  receptacle  nearer  its 
anterior  extremity,  by  three  or  four  conduits,  and  advances  along 
the  oesophagus  to  the  pericardium,  anastomosing  with  the  right 
duct,  by  transverse  channels.  On  reaching  the  pericardium,  the 
left  duct  divides  into  two  channels,  which  reimite  in  front  of 
the  pericaidiiun,  and  join  the  lymphatic  plexus  about  the  great 
vessels,  from  which  the  lymph  is  conducted  by  two  or  three 
terminal  trunks  to  the  two  great  preoaval  veins.^ 

In  Chdonia  the  chyle  is  absorbed  into  a  stratum  of  intestinal 
lymphatics,  which,  in  the  form  of  a  close  network,  lies  between 
the  muscular  and  mucous  coats ;  ^  from  this  the  conduits  pierce 
the  muscular  tunic,  and  affect  a  longituilinal  course  on  the 
exterior  of  the  gut  until  they  quit  it,  accompanying  the  me- 
senteric bloodvessels  to  tlie  great  chyle-  and  lymph-reccptncle. 
fig.  307,  C,  C,  which  extends  from  the  middle  of  the  dorsal  part 
of  the  abdomen  backward  to  between  the  vertebraj  and  rectum. 
Here  it  receives  the  lymphatics  of  the  hinder  limbs  and  tail,  and, 
in  succession  forwards,  those  of  the  cloaca  and  its  appendages,  ib. 
u,  u,  of  the  kidneys,  ib.  o,  of  the  genital  organs,  ih.  ir,  and  intes- 
tines, ib.  Y ;  it  presents  the  same  quasi-capsular  relation  to  the 

*  couc.p.5S8»pLl8,flgk7,8,9.  *  ocLvn.  p.  16. 

*  XX.  vol.  ii.    17,  not.  850-858. 
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aorta  as  In  Batrarhiay  and  bifurcates  anteriorly,  the  divisions 
inclosing  the  right  and  left  ])uImouary  arteries  and  aortje,  and 

307 


Vlfccm  In  Bltn,  teea  from  behind,  with  the  lymph -rcccpUcJe  ( JPmyf  europ<ta).  xxxwn. 

terminating  at  the  beginning  of  the  two  precaval  veins,  by 
elliptical  orifices  guarded  by  valves.  The  lymphatic  system  of 
the  trunk  and  limbs  affects  the  form  of  irregular  plexuses  and 
dilatations. 

The  lymphatic  system  in  LacertiUa  resembles  in  the  main 
that  of  Ophidia  and  Chelonia.  In  Crocodilia  there  are  several 
signs  of  advance.  Hunter'  noted  the  white  colour  of  the  chyle : 
the  *  receptaculum  '  is  more  circumscribed  ;  its  anterior  divisions 
are  more  vasifonn,  more  like  '  thoracic  ducts ; '  there  is  a  compact 
gland-like  plexus  of  lacteals  at  the  root  of  the  mesentery.  At 
the  base  of  the  tail  the  lymphatics  surround  the  artery  and  vein 

'  CCXXTI.  vol.  ii.  p.  335. 
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hy  a  l«ir2;e  plexus,  filling  up  the  hopmal  canal;  they  prt^ciu  al?o 
n  picxifnnn  character  at  the  axilki?  ami  liase  of  the  neck,  about 
the  ju;j;ular  veins  ;  l)ut  the  vai?lt'orm  cliaracter  is  generally  better 
marked  in  the  lymphatics  of  tlie  Crocodile  than  in  lower  lieptiieSy 
and  the  valves  occur  more  frequently. 

The  lymph-cor})U8cles  arc  very  few,  and  rarely  visible  in  the 
lymphatics  of  the  tail  of  the  Tadjjole,  but  were  numerous  in  the 
lymphatic  canals  near  the  liver  in  Salamandra,  By  carefully 
puncturing  Uie  large  subcutaneous  lymph-reservoirs  of  the  Frog» 
at  the  upper  part  of  the  thigh,  the  pure  fluid  may  be  obtained 
from  the  living  animal :  but  analysis  of  lymph  has  chiefly  been 
performed  on  the  larger  quantities  discharged  from  artificial 
fistula)  uf  the  thoracic  duct  in  the  Horse  and  Cow,  and  its  lesults 
will  be  giyen  in  connection  with  the  Mammalian  class. 
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§81.  Blood  of  Fish  e.^. — Tli  e  red  blood  of  Vertebrates  owes 
its  colour  to  the  aibuminoid  substanee  oaUed  ^  luematoBme, 
existiiig  in  the  discoid  corpusdes  called '  blood-globules/ '  blood- 
cells/  or '  blood-discs.*  These  iftoat  in  the  light  straw-coloured 
fluid  called '  plasma/  which  consists  of  water  holding  in  Bolution 
protmne  principles,  hjdrocarbonates  of  the  fatty  natnre,  saccharine, 
and  saline  matters.  The  watery  solvent  predominates  in  the 
blood  of  Fishes  and  Batrachians.  The  *  proteine '  basis  exists 
under  the  combinations  termed  *  albumen*  and  *  librin.' 

The  hlood-cliscs  in  Fishes  are  commonly  of  a  full  elliptic  shape, 
as  in  the  Cod,  fio".  8, and  Skate,  fig.  8,  ^,  p.  4:  but  in  the 
Lamprey  and  Amnujcete  they  are  nearly  circular.  In  the  ^lyxine, 
however,  they  are  elliptic,  and  some  are  fusiform.  They  present 
the  largest  size  inihe  Sharks,  but  are  smaller  in  them  in  proportion 
to  the  body,  or  mass  of  blood,  than  in  Batrachia.*  Besides  the  red 
discs  there  are  the  larger  white  corpuscles  in  the  blood  of  Fishes  as 
in  that  of  higher  Vertebrates,  but  in  less  proportion  than  in  Sau- 
ritnib  Bitd..  «r  MaomuU^  .... 

The  comparison  of  main  physiological  importance  between  the 
blood  in  different  groups  of  Vertebrates,  is  that  which  relates  to 
the  proportion  of  tiie  organic  matters  contained  in  the  water. 

Prevost  and  Dumas  expressed  the  general  results  of  this  com- 
parison of  the  blood  of  the  cold-blooded  classes  iu  the  following 
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Dr.  Joseph  Jones  *  has  pushed  this  kind  of  analysk  further,  u 
shown  by  the  subjoined  table. 


MObn"  BlA)Or>-DlflC58 

PUUBKA 

Total 
Vdglife 

Water 

Solid 
UmtUan 

Total 
Weight 

WatCT 

1  . 
Uatten 

Zyg<ena  maUem  (Kammcr-ahark) 
Lej)ido»teiu  oMMt  fGav-ft^)  . 

S^mo  fario  (Trout).  , 
Lota  ntolva  (Burbot) 
AnguUta  latirtmtris  (Eel) . 

293-44 
229*00 

•275  20 
192-40 
24000 

22008 
171*76 

20G-40 
144-30 
180-00 

7336 

67-  26 

68-  80 
4810 
60-00 

706-66 

771-00 

641  06 
714-96 

6^90 

1 

§  82.  Veins  of  Fishrs.  —  As  the  blofnl  moves  In  a  cirole,  it 
signifies  little  at  what  point  we  commence  the  description  of  the 
parts  in  which  it  flows.  But  as,  in  tracing  the  ]irogress  of"  the 
nutriment  through  the  organs  concerned  in  its  cliylification  and 
sanguification,  we  were  led  by  the  lymphatics  to  the  veins,  we 
beigin  with  thdm  the  account  of  the  circulating  system  in  the 
present  class. 

The  tunics  of  the  veinB  of  Fishes  are  unusually  thin,  and  their 
valves  few :  though  commonly  in  the  form  of  tubes,  yet  they  more 
frequently  dilate  into  sinuses  than  in  the  higher  classes,  and  txaccs 
of  tiie  difiused  condition  of  the  venous  receptacles,  so  common  in 
the  Invertebrates,  are  not  wanting  in  Fishes;  as,  for  example,  in 
the  fissures  of  the  renal  organs/ where  the  veins  seem  to  lose  their 
proper  tunics,  or  to  blend  them  with  the  common  cellular  tissue 
of  the  part;  and  in  the  great  cavernous  sinus  beneath  the  abdo- 
minal aorta,  receiving  the  renal  and  genital  veins  in  the  Lamprey. 
The  jugular  veins  of  Osseous  Fishes  and  the  hepatic  veins  o£  the 
Bays  form  remarkable  sinuses.  The  very  delicate  fibres  of  the 
proper  venous  tunio  affect  a  longitudinal  disposition :  and  in  many 
of  ^e  veins  of  Fishes  the  walls  show  pigment^  usually  in  the  form 
of  stellate  cella. 

The  veins  of  Fishes  constitute  two  well'-defined  systems ;  viz. 
the '  vertebral  *  and  the  *  visceral,*  answering  to  the  division  of  the 
nerves  and  muscles  into  those  of  *  animal '  and  '  organic*  life :  the 
portal  system  is  a  subdivison  of  the  visceral  one,  but  also  fre- 
quently includes  part  of  the  vertebral  system  of  veins,  especially 
in  the  Myzines,  in  wMch  the  portal  simis  forms  a  common  meeting* 
point  between  portions  of  both  systems.* 

The  capillary  system  of  vessels  consists  in  Fishes,  as  in  oilier 
Vertebrates,  of  minute  but  similar-sized  tubules,  capable  of  carr^^ing 
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a  single  file  of  blood-di8C9,  and  connecting  the  temimation  of  the 
arteries  with  the  comnieiicement  of  the  veins,  figs.  328,  329. 

The  vertebral  system  of  veins  commences  by  a  series  of  capil- 
lary roots  in  the  integuments  and  muscles,  which  unite  to  form 
branches  corresponding  with  the  muscular  and  osseous  segments 
of  the  l)ody  :  these  *  segmental '  veins  consist^  in  the  tail^  of  upper 
or  neural,  and  lower  or  hsBnial 


branches;  in  the  abdomen,  of 
upper  and  lateral  branches ;  in 
the  head,  where  the  yertebral 
segments  are  more  modified,  the 
-veins  manifest  a  less  r^ular 
and  appreciable  correspondence 
with  these  segments.  The  ce- 
phalic veins,  returning  the  blood 
from  the  cranial  vertebral,  their 
appendages  and  surrounding 
sol't  j)arts,  from  the  brain,  the 
organs  of  special  sense  and  their 
orbits  or  proper  cavities,  from 
the  mouth'  and  pharynx,  and, 
receiving  also  the  whole  or  part 
of  the  *  venao  nutritias  *  from  the 
branchial  arches,  imite  together 
on  each  side  to  form  a  pair  of 
*  j  ugular  *  vdns,  fig.  308,  o*,  each 
of  which  usually  dilates  into  a 
larger  sinus,  and  again  contracts 
and  resumes  the  vasiform  cha- 
racter, as  it  descends  to  beneath 
the  parapo})hyse3  of  the  atlas 
and  axis,  in  order  to  join  the 
corresponding  trunk  of  the  ver- 
tebral veins  of  the  body.*  This 
great  trunk,  called  *  TCUa  caidi- 
nalis,'^  fig.  308>  commences 
at  the  base  of  the  tail-fin, 
where  it  recdves  blood,  and  some  affirm  also  lymph,  from  the  pul- 
sating sac  there  present  in  the  Eel-tribe.   The  yein*tnink  is 

*  In  the  Lamprey  the  corresponding  jngnhr  tnuiki  lift  aboTa  the aponeuotie  reprs- 

sentotivfs  of  tho  vertebral  parapophyses. 

*  'La  Yciuc  cave'  uf  Cuvier;  but  it  a  not  homologous  with  either  the  '  inferior'  or 
'  rapefior  veon  caw*  of  Wau 
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do\i)>le,  there  being  one  for  eaeli  ride  of  the  hodj,  and  boih  right 

and  left  *  venae  cardinalcs*  extend  forward,  in  close  contact,  along 
the  liaMiial  etinal  in  the  tail,  then  through  the  abdomen,  ami  iu  Uoth 
rcnoiis  immediately  beneath  the  aorta  and  vertebral  bodies,  to  near 
the  first  vertebra,  where  each  trunk  diverircs  and  de.sceuds  to  join 
its  corresponding  *  vena  ju<j^uiaris,'  lig.  30.s,  v,  fonniiig  the  short 

*  precaval  *  vein,*  ib#  v,  which  empties  itseli'  in  the  great  auricular 
sinus  between  the  aponeurotic  layers  of  the  pericardial  and  abdo- 
minal septum.  In  the  Lamprey  the  vena  cardinalis  is  ringle  along 
the  tail,  but  it  bifurcates  on  entering  the  abdomen  into  two  veins, 
each  of  which  is  six  tames  as  hurge  as  theaorte.  The  left  cardinal 
Tein  is  larger  than  the  right  in  the  Myxinoids :  but  the  symme- 
trical disposition  of  the  vertebral  yenous  system  is  more  disturbed 
in  many  Osseous  Fishes,  at  the  expense  of  the  right  side ;  the  right 
cardinal  vein,  after  some  transverse  connecting  channels  with  the 
left,  finally  terminating  or  losing  itself  therein  anterior!}  ;  ])art  of 
the  right  jugular  vein,  also,  in  this  case  ent<?r.N  the  left  or  common 
cardinal  vein.*  In  the  Tunny  the  two  '  vcuai  jugulares  '  unite  and 
form  a  conunon  trunk,  whieh  enters  the  aurieular  sinus  inde[)cn- 
dently.'  The  Shad,  the  Pike,  and  the  Lueioperca  are  cxLunples 
where  the  jugular  vein^  are  symmetrical,  and  terminate  distinctly 
in  the  precaval  veins.  With  regard  to  the  vcrtcbro-venal  system 
of  the  trunk,  not  all  the  segmental  branches  terminate  in  the 

*  vena  cardinalis ; '  the  neural  twigs  form  with  the  myelonal  veins 
a  trunk  which  runs  parallel  with  the  AMwIlwiil  yeins,  but  above 
the  vertebral  bodies  in  the  neural  canaL  This  trunk,  the  *  vena 
neuralis/  communicates  by  short  lateral  and  vertical  canals  with 
the  vente  cardinales,  and  in  the  region  of  the  abdomen  these  short 
anastomising  veins  perforate  the  substance  of  the  kidneys,  and 
receive  the  '  rcual  veins '  before  tenuinatiufr  in  the  abdominal 
cardinal  veins.  The  neural  vein  gradually  exhausts  itself  by 
these  descending  branches,  and  does  not  extend  to  or  terminate 
anterlorlv  in  the  precaval  trunk,  Jaoobson,  observing  that  the 
abdominal  anastomotic  branches  of  tlie  neural  vein,  in  transferrin'^ 
its  contents  to  the  cardinal  veins,  perlbrated  the  kidneys,  thought 

*  Ductus  Cuvierif  Iiathkti{  qu&rvenenMUimme,  Miiller.  The  precaval  veins  nrc  the 
homologues  of  the  two  *gapenorcttm'  in  Bcptiles  and  Birds,  which  receive  liio  so- 
called  ^aisjrgos'  veins  or  rcdac<  1  li  •mologllM  of  the  'tods  cardinales'  of  Fish««:  in 
the  higher  Mammals  and  in  Man  they  are  concentrated  into  a  single  *  superior  yen* 
ca?a,*  receiving  tiie  '  veiuc  cardinales  '  bj  a  common  trunk,  thoucc  (»dled  *azygos  *  in 
Anthropotomx.  The  anatomical  student  is  osoanj  iDtrodoced  to  the  cardinal  vcin^. 
aa  represented  by  their  single  homologue  in  the  hnnuui  Mhjeeti  where  their  normal 
symmetrical  character  becomes  mnskcd  by  an  extreme  modificatioOt  and  when  the 
name  *  aaygos  '  is  applicable  only  to  so  exceptional  a  condition. 

«  xu.  p.  8S.  •  lb.  p.  37. 
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t  hat  those  branches  ramified  in  the  renal  tissue,  like  the  portal 
veins  in  the  liver;  but  my  observations  conour  with  thoBe  of 
Meckel  and  Cuvler/  in  showing  that  they  rather  receive  or  com- 
inunlcate  with  the  renal  veins  in  tranntu  in  Osseous  Fishes.  In 
the  Lamprey  the  renal  vein  assumes  the  form  of  a  cellular  or 
cavemoos  nnos,  of  a  very  dark  colour,  extending  along  the 
mesial  margin  of  l^e  kidney,  uniting  with  its  fellow  posteriorlyy 
and  commnnicating  by  small  orifices  with  the  contiguous  cardinal 
vein. 

Tlie  visceral  system  of  veins  commences  in  Osseous  Fishes  by 
the  capillaries  of  the  stomach  and  intestines,  of  the  pancreatic 
casca  and  spleen,  of  the  £^cnerative  organs  and  air-blatkler :  these 
by  propfrcssive  union  and  I'eimion,  constitute  either  a  sin<^le  trunk 
which  forms  the  portal  arterial  vein,  fig.  308,  L,  of  the  liver ;  or, 
as  in  the  Perch,  a  second  trunk,  the  true  homologue  of  the  ^  in- 
ferior vena  cava '  which  returns  the  blood  from  the  genital  organs 
and  air-bladder  to  the  auricular  sinus,  without  previous  ramifies^ 
tion  in  the  liver ;  the  portal  trunk  being  formed  only  by  the  veins 
of  the  alimentary  canal  and  its  appendages.  The  portal  trunk  is 
single  in  the  Ling,  the  Burbot^  ike  Pope,  the  Eel,  the  Lamprey, 
and  the  Plagiostomes ;  but,  in  the  Carp,  where  the  lobes  of  the 
liver  interlace  wi^  the  convolutions  of  the  intestine,  the  veins  of 
this  canal  pass  directly  into  the  liver  by  several  small  branches, 
which  ramify  therein  without  forminf:r  a  portal  ti  luik. 

In  the  Plagiostuiucs  with  the  longitudinal  sj>irai  valve  the  main 
root  of  the  portal  vein  is  concealed  in  the  free,  tliickeued,  muscu* 
lar  marpin  of  that  valve  :  *  the  trunk  of  the  intestinal  vein  is 
lodged  also  in  an  internal  fold  of  the  mucous  coat  in  the  Lamprey  : 
in  the  Plagiostomes  and  Ganoids  with  transverse  coils  of  the  spiral 
valve,  the  venous  blood  is  collected  into  an  external  intestinal  vein. 
In  the  Paddle^fish  this  vein  joins  the  vein  of  the  spleen  (fig.  276, 
It),  and  then,  with  the  duodenal,  pancreatic,  and  gastric  veins, 
forms  the  portal  trunk. 

Professors  Eschricht  and  Miiller*  found,  in  the  Tunny,  that 
the  veins  of  the  stomach,  intestine,  pyloric  appendages,  and 
spleen,  respectively  subdivided  into  niunerous  minute  venules, 
which  iiuerlaceJ  with  corresponding  *retia  mirabilia'  of  the 
arterial  branches  sent  from  the  coeliac  axis  to  the  same  viscera, 
and  fonncd  pyriforni  masses  of  vessels  before  entering  the  liver. 

In  a  few  Osseous  Fishes,  as  the  Shad,  some  of  the  caudal 
branches  of  the  vertebral  system  of  veins  anastomose  with  the 

•  juuu.  p.  381.  *  xcvui.  p.  274.  ■  cm. 
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veins  of  the  rectum,  and  thus  form  part  of  the  roots  of  the  portal 
system.  15ut  the  most  intcrcstiii<^  modification  of  the  j»ortal 
system  of  Fishes  is  that  discovered  by  lietzius  in  the  Glutinous 
Ila;^.  In  this  and  also  in  other  Myxinoids,  the  jxcnital  and  intes- 
tinal veins  form  a  common  trunk  along  the  line  of  attadnnent  of 
the  mesentery  :  all  the  gastric  veins  that  do  not  empty  themselves 
into  the  cardinal  vein  also  join  the  great  mesenteric  vein.  This 
vein  advances  to  the  space  between  the  pericardium  and  the  right 
suprarenal  body,  receives  the  anterior  vein  of  that  body  (its  posterior 
one  joining  the  cardinal  vein)^  and  dilates  into  an  elongated  sinns, 
which  is  said  to  contract,  as  if  it  were  a  portal  heart  The  ante* 
rior  part  of  this  sinus  receives  a  vein  from  the  right  anterior 
parietes  of  the  body,  which  is  formed  by  the  union  of  all  those 
of  the  muscular  parts  there  which  do  not  join  the  right  jugular 
vein :  the  portal  arterial  vein  is  sent  off  from  the  posterior  end  of 
the  pulsating  sac,  near  the  entry  of  the  mesenteric  vein,  and  goes 
backward  to  hcncath  the  two  livers,  and  there  divides,  enters,  and 
ramifies  in  each.  The  hepatic  vein  of  the  hinder  and  larger  liver 
enters  the  common  trunk  or  sinus  formed  by  the  union  of  the  two 
pArdim^l  veins  with  the  left  jugular :  the  hepatic  vein  of  the  smaller 
liver  joins  the  termination  of  the  left  jugular  vein,  and  they  toge- 
ther end  in  the  opposite  side  of  the  same  common  sinus. 

In  the  Plagiostomes  the  right  jugular  and  cardinal  veins  unite, 
and,  receiving  the  vein  of  the  pectoral  fin  (brachial  vein),  and  a 
superficial  vdn  from  the  head  (external  jugular),  form  a  short 
transverse  *  precaval '  trunk.  A  corresponding  precaval  trunk  is 
formed  in  the  same  way  on  the  left  side,  and  Sie  great  auricular 
sinus  is  constituted  by  these  and  by  the  wide  hepatic  veins,  ?t^hich 
contract  before  they  terminate.  In  many  Osseous  Fishes,  a^ 
Salmo,  /Silurus,  Belone,  Anyuillay  Ammodt/tes,  and  Accipenscr, 

the  hepatic  veins  terminate  in  the 
common  sinus  by  a  single  trunk ; 
in  others,  as  Thi/nnus,  GaduSp 
£sox,  and  JPIeurtmectes,  by  two 
trunks;  and  in  a  few  Fishes,  as 
Clupea,  CottuSf  and  certain  Cy- 
prinoids,  by  three  or  more  trunks. 

The  pulsatile  sac  in  the  Ed, 
fig.  309,  is  situated  near  the 
b^pnning  of  the  cardinal  vein 
on  the  haemal  side  of  the  caudal 
vertebras  at  the  end  of  the  tail. 
It  Li  of   a  yellowish  colour. 
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rhoefjiiercd  more  or  less  with  stellate  pigment;  in  phape  fusiform, 
fig.  309,  A,  or  pyriform,  ib.  B;  at  the  distal  end  it  is  connected 
with  a  small  vein,  which  collects  the  blood  irom  the  capillaries 
of  the  tally  d,  d! :  at  its  proximal  end  it  is  connected  with  the 
commencement  of  the  cardinal  vein,  h.  The  bloody  which  is  deep 
red,  appears  to  flow  into  the  sac  in  a  continuous  stream  from  c ;  it 
is  forced  out  at  each  contraction  in  an  interrupted  current^  quicklj^ 
in  successive  portions,  into  where  the  movement  soon  subsides 
into  a  continuous  stream.  During  the  systole  the  veins  e  and  h 
are  lengthened,  being  drawn  out ;  in  the  diastole  thej  resume 
their  size,  and  assist  in  elongating  the  sac;  which,  both  by 
ita  contents  and  connectionB,  is  to  be  regarded  as  a  ^  venous 
heart" 

Thus  in  Firtlies  the  chyle,  havincr  already  begun  to  manifest  its 
indepoinlciit  life  by  the  develojjeinent  of  distinct  microscopic 
granular  corpuscles,  as  primitive  centres  of  assimilative  force, 
before  it  enters  the  lacteals,  undergoes  in  those  vessels  and  their 
receptacles  a  further  stage  of  conversion  into  blood  by  the  reaction 
and,  as  it  were,  impr^nation  of  the  lymph,  and  by  the  interchange 
of  properties  therewith :  the  vitalising  stimulus  of  wiiich  inter- 
change and  reaction  is  manifested  hj  the  repeated  spontaneous 
flssion  of  the  corpuscles,  manj  of  which  now  acquire  a  capsule, 
and  thus  become  nuclei  of  cells.  Then  the  mixed  chyle  and 
chyme  enter  the  veins,  where  a  further  interchange  of  properties 
with  the  venous  blood  and  a  new  course  of  action  and  reaction 
takes  ])lace.  The  primitive  j>ale  chyle-corpuscles  are  here  few  in 
iiumljcr ;  they  have  a  capsule,  and  the  granular  character  of  their 
contents  shows  theui  to  he  in  the  murse  of  change.  The  vctious 
blood  undergoes  some  change,  probably,  in  its  passage  through  the 
kidneys,  by  virtue  of  the  anastomoses  of  the  renal  vascular 
system :  it  undergoes  further  change  in  its  circulation  through 
the  liver,  in  so  far  as  the  bile,  a  fluid  highly  charged  with 
carbon  and  hydrogen,  is  eliminated  from  it :  that  in  some  fishes 
{MyxvMi  BdeUoit&ma)  a  contractile  receptacle  accelerates  its 
course  through  the  portal  drculataon.  The  venous  blood  now 
shows  a  marked  accession  of  coloured  corpusdes;  and  it  has 
finally  to  be  submitted  to  the  influence  of  the  atmosphere,  and 
especially  to  the  reaction  of  the  oxygenous  element ;  iind  for  this, 
the  most  inipoiiaul  and  efficient  cause  of  its  conversion  into 
arterial  I  I  nd,  a  contractile  cavity,  with  strong  muscular  walls,  is 
provided,  in  nrder  to  impel  the  blood  to  the  organs  especially  des- 
tined to  cficct  its  decorbonisatiou  and  oxygenation. 

1  caa.T.  Ik.  253  (1846). 
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§  83.  Heart  of  Fishes. — The  propeUing  organ  is  called  the 
*  hearty'  fig.  308,  H ;  the  respiratory  organs  &e  *  gills '  or  branchias, 
ib.  ^ ;  fig.  312,  e ;  fig*  323,  s,  s,  4,  6 ;  tiiej  aubmit  the  blood 
to  the  influence  of  the  air  throogh  the  medium  of  the  water  in 
which  it  ia  suspended  or  disaolved. 

There  la  01^7  one  known  fish,  viz.  the  Lancelot,  in  which  a 
venous  or  branchial  heart  is  not  deyeloped  as  a  compact  and  pro- 
doniiiiaat  iiiiiscular  ors^an  of  circulation  :  a  great  vein  answeriiii; 
to  the  '  vena  cardlaaliH  '  extends  forwanl  ;i]oug  the  caudal  rt  L:i"n, 
bencatli  tlie  chorda  dorsalis,  above  the  kitliicy,  fig.  169,  h;  and  as 
it  extends  ahini]!'  the  branchial  n  -uphageal  sac  fiives  vessels  to  or 
receives  them  Irotn  the  ciliated  vertical  bands  or  (livir^ions  of  that 
sac,  which  vessels  communicate  with  a  vascular  trunk  along  the 
inferior  part  of  that  sac.  This  trunk  at  its  posterior  end  cUiates 
into  a  small  sinus,  ov,  which  pulsates  rhythmically,  and  represents 
rudimentally  the  branchial  heart  of  the  Myxinoids :  the  cardinal 
vein,  ba,  dividea  anteriorly,  and  supplies  the  short  vascular  pro- 
cesses, which  project  above  the  pharyngeal  orifice,  ph, into  the 
wide  buccal  cavity :  the  blood  oxygeidzed  in  these  processes  is 
transmitted  to  the  cerebral  portion  of  the  neural  axis,  to  the 
organs  of  sense,  especially  the  sensitive  integimient  of  the  head, 
and  to  the  juiiiiLil  labial  teutacula.^j^j  whence  it  returns  to  tlie 
pharynx  by  the  labial  vessels  which  there  tmite  together,  and  with 
the  inferior  trunk  of  the  vascuiai*  system,  or  arches,  of  the  branchial 
pharynx. 

Ill  the  ^lyxlnoids  a  heart  consisting  of  an  auricle  and  a  ven- 
tricle is  situated,  like  the  pulsating  tube  or  sinus  of  the  Lanoelet, 
far  back  from  the  head,  in  the  beginning  of  the  abdomen,  where 
it  is  inclosed  by  a  fold  or  duplicature  of  the  peritoneum,  cxtendii^ 
between  the  cardiac  end  of  the  oesophagus  aix)ve,  and  the  anterior 
liver  below,  and  forming  the  homologue  of  the  pericardium,  which 
sac  communicates  freely  by  a  wide  opening  with  the  common 
peritoneal  cavity*  The  auricle  is  much  longer  than  the  ventricle : 
it  receives  the  blood  from  the  common  sinus  by  an  orifice  defended 
by  a  double  valve.  The  auricle  communicates  with  the  left  side 
ol'the  rounded  ventricle,  the  *  ostium  venosinn  '  having  alsu  a  duuble 
valve.  There  arc  no  *  columnro  cameie '  or  *  churihu  tcMidinea;.'  Tlie 
artery,  single  here  as  in  all  Fishes,  rises  from  the  Ibre-part  of  the 
ventricle  with  a  pair  of  semilunar  valves  at  the  *  ostium  arteriosum  * 
behind  its  origin,  beyond  which  it  slightly  dilates,  but  has  no 
muscular  parietes  constituting  a  *  bulbus  arteriosus.'  In  a  large 
Myxinoid  (BdeUostmna  cirratum,  Dum.)  the  vessel  from  the  heart 
divides  at  once  into  two  branchial  trunks,  reminding  one  of  the 
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separate  brancliial  arteries  of  the  Cephalopods.'   In  other  speoieB 

^' "    of  BdeUoitoma  the  artery  extends  beyond  two  or  three  pain  of 

-     gills  before  it  bifbrcates ;  and  Miiller'  saw  one  Instance  in  the 
Myxme  fflviinata,  where  the  branchial  artery 
continued  single  as  far  as  the  anterior  gills. 
The  pericardium  of  the  Ammocete  com- 

□f      municates  by  one  wide  orifice  with  the  i)eri- 

z:      toneum  :  that  of  the  Lamprey  is  a  shut  sac, 

i.      and  is  supported  by  a  perforated  case  of 
cartlhigc,  fonned  l)y  the  last  nKxlified  pair  of 
branchial  arches,  fig.  310,  m.    Not  any  of  the 
Dcrmopteri  possess  the  '  hulbiis  arteriosus 
tliis  is  present,  and  forms,  as  it  were,  a 

1  third  compartment  of  the  heart,  311,  B, 
beyond  the  ventricle,  ib.  A,  and  auricle,  ib. 

J-  c,  in  all  other  Fishes:  nay,  if  we  inclndc 
the  great  '  sinus  communis,*  ib.  as  ])art  of 
the  heart,  then  we  may  reckon  four  cham- 
bers  in  that  of  Fishes;  but  these  succeed 

^-      each  other  in  a  linear  series,  like  the  centres 

;       of  the  brain,  and  their  valves  are  so  disposed 

y      as  to  imj)rcss  one  course  upon  the  same  cur- 

j       rent  of  blood  from  behind  forward,  driving 

r  it  exclusively  into  the  branchial  artery  and 
its  ramifications.     This  is  very  different 

,  from  the  arrangement  and  relations  of  the 
four  compartments  of  the  human  hearts 

;  Physiologically  the  heart  of  Fishes  answers  "^"iiCr^liT^ 
to  the  venous  or  puhnonary  di\'ision,  viss. 
the  light  aoride  and  ventricle  of  the  mammalian  hearty  and 
its  quadripartite  structure  in  Fishes  illustrates  the  law  of  vege- 
tative repetition,  rather  than  that  of  true  physiological  compli* 
cation.  The  auricle  and  the  ventricle  are»  however,  alone  proper 
to  the  heart  itself:  the  sinus  is  a  developement  of  the  termination 
of  the  venous  system^  as  the  muscular  bulb  is  a  superaddition  to 
the  commencement  of  the  arterial  trunk.  The  heart  of  Fishes 
with  the  muscular  branchial  artery  is  the  *  homologue '  of  the  left 
auridcy  ventricle^  and  aorta  in  higher  Vertebrates ;  but  it  performs 
afunction  ^anak^fous' to  that  of  the  pulmonic  auricle  and  ventricle 

I      in  them. 

Some  of  the  lugher  organised  Fishes,  which  present  the  normal 
structure  of  the  hearty  have,  like  the  Myxinoids,  a  perforated 

'  XX.  vol.  u.  p.  78,  prep.  no.  1018.  '  zzi.  p.  9. 
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pericftrdium.  In  the  Sturgeon  the  oommnnication  with  the  peri- 
toneum is  by  a  single  elongated  canal  extending  along  the  Tentral 
surface  of  the  oesophagus.  In  the  Planirostra  and  ChmueroidB 
the  pericardio-peritoneal  canal  is  also  single.  In  the  Plagiostomea 

311 


it  bifurcates,  after  leaving  the  pericardium,  into  two  canals,  which 
diverge  and  open  into  the  peritoneum,  opposite  the  end  of  the 
cesophagus :  no  ciliary  moyements  have  been  noticed  on  the 
surface  of  these  remarkable  conduits.  The  serous  layer  of  the 
pericardium  is  defended  by  an  outer  aponeurotic  coat  in  Osaeooa 
Fishes  and  Plagiostomes^  which  adheres  to  the  surrounding  parts. 
In  the  Sturgeon,  Wolf-fish,  Loach  and  Murona,  short  fibrous 
bands  supporting  vessels  pass  from  different  parts  of  the  peri- 
cardium to  the  surfiice  of  the  heart :  in  most  other  fishes  the  heart 
hangs  freely  except  at  the  two  opposite  poles,  viz.  where  the 
sinus  communicates  with  the  auricle,  and  where  the  bulbua 
arteriosus  is  continued  into  the  branchial  artery. 

In  the  Plagiostomes  the  sinus  itself  is  situated  within  the  peri- 
cardium ;  but  in  Osseous  Fishes  between  the  Inycrs  of  the  posterior 
aponeurotic  partition  between  it  and  the  abdomen.  The  heart  is  sit- 
uated below  the  hind-part  of  the  gills,  and,  as  these  are  more  concen- 
trated in  the  head  in  all  Fishes  above  the  Dermo])teri,80  the  position 
of  the  heart  is  more  advanced  ,  fi  L^.  308^  h.  In  the  Pla^iostomes,the 
Sturgeons,  and  many  Osseous  Fishes,  e.g.  the  Perch,  the  Angler 
(Lophius),  and  the  Sun-fish  (  Orthaff(mseus)j^e  orifice  by  which  the 
great  sinus  communicates  with  the  auricle  is  guarded  by  twosemilunar 
valves ;  but  these  are  far  from  being  constant  in  tiie  Teleostomi. 
The  auricle,  when  distendefl,  is  larger  in  proportion  to  the  ventricle 
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in  Fishes  than  in  hirrher  Vertebrates.  Its  relatiye  porition  to  the 
▼entriclc  varies  in  different  species^and  permanently  represents  aB 
many  similar  rariations  displayed  tempoxaiily  during  tJie  course  of 
the  hearths  deyelopement  in  birds  and  mammals ;  thus  in  the  heart 
of  Secfpana  terofa,  as  in  the  Myzinoids,  the  amide  is  posterior  to 
and  in  the  same  longitudinal  line  with  the  ventricle:  in  the 
Perch,  fig.  311,  c,  Carp,  Sole,  and  Eel,  it  has  advanced  to  the 
same  transverse  line,  on  the  dorsal  and  left  side  of  the  ventricle  : 
in  the  Sturionidte  and  other  Ganoids  it  extends  more  forward, 
dorsad  of  both  ventricle  and  bullnis  arteriosus,  and  the  heart, 
including  the  vennn.^  sinus,  is  now  bent  into  a  sigmoid  form.  The 
walls  of  the  aui  icle  ai'e  membranous,  with  thin  muscular  fasciculi 
decussatiiig  and  forming  an  open  network ;  but  these  are  closer 
and  stronger  in  the  Sun-fish,  Storgeonsi  and  Plagiostomes.  The 
cavity  is  simple,  but  its  inner  surfiice  is  much  fasciculated  in  the 
Sun*-fish  and  Sturgeon,  where  the  ends  of  the  valves  of  the  sinus 
are  attached  to  &e  strongest  muscular  bauds*  Only  in  the 
liepidofiiren  is  there  any  yestage  of  a  septum,  and  this  is  reticu- 
late. The  auricle  communicatee  by  a  single  orifice,  commonly 
with  the  dorsal  or  the  anterior  part  of  tiie  ventridie:  this  is 
P^arded  usually  by  two  free  semilunar  yalves ;  but  in  the 
Sturgeon,  their  margins  and  their  surface  next  the  ventricle  are 
attached  to  numerous  *  chordae  tendincae.'  In  the  Orthagoriscus 
the  auricular  aperture  is  guarded  by  four  semilunar  valves,  the 
two  smaller  ones  being  placed  at  right  angles  with  and  on  the 
auricular  side  of  the  two  laiger  and  normal  valves :  their  margins 
are  free. 

The  yentride,  fig.  311,  a,  usually  presents  the  form  of  a  four- 
sided  pyramid,  one  side  dorsad  toward  the  auricle;  one  angle 
yentrad,  and  the  base  forward.  In  the  Lepidostcus  and  Poly- 
pterus,  howeyer,  it  is  pyriform :  in  the  Pike  it  is  lozenge-shaped : 
in  the  Lophius,  as  in  the  Myxinoids  and  Lampreys,  it  is  oyal:  in 
most  Plagiostomes  its  transyerse  diameter  is  the  longest,  as  if 
preparatory  to  a  diyirion.  Its  cayily  is,  howeyer,  simple  in  all 
fishes.  The  parietes  of  the  yentride  are  yery  muscular,  and  the 
fibres  are  redder  than  those  of  any  other  part  of  the  muscular 
system  ;  but  the  colour  is  less  deep  in  the  ground-fishes  than  in 
those  that  swim  nearer  the  surface,  and  enjoy  more  active  loco- 
motion and  respiration.  The  exterior  muscular  fibres  decussate 
and  interlace  together  irregularly  and  inextricably ;  but  the 
deeper-seated  ones  form  more  regular  layers,  the  innermost  being 
transverse  and  circular,  and  separating  readily  by  slight  decom- 
position from  the  outer  and  more  longitudinal  layers.   Some  of 
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the  internal  fasciculi  send  off  the  *  chordae  tendinca^ '  above  men- 
tioned in  the  Sturgeon;  but  in  almost  all  other  fishes  those 
*  chords '  are  absent,  and  the  auricular  valye  is  free.  In  most 
Osseous  Fishes  the  orifice  at  the  base  of  the  bulbus  arterioetiB  is 
proTided  with  «  pair  of  semilwnar  yalves :  the  Sun-fish  {Or^m^ 
riicuM)  has  four  such  valres  there.^  But  the  Ghmoids^  HolocepluH* 
and  Plagiostomes  have  two  or  more  transrerse  rows  of  aemilupar 
▼alves  attached  to  tiie  inner  snifaoe  of  their  long  and  nrascular 
bulbus  arteriosus.  There  are  two  rows  of  three  valves  in  the 
Grey  Slun  k  ( Galnffi),  in  the  Bhic  Shark  (^Carcharias),  in  the 
Dog-fish  (.Vt/////////),  ami  in  the  Chiina?rold9 :  the  ^mm  has  two 
rows  of  six  valves:  in  the  genera  Sphyrna,  MuRtelus,  Ar,nif}ti>!<, 
AlopiaSy  jLdnivff,  lihmobatus,  Torpedo^  and  Avcipe-nscr,  there  are 
three  rows  of  valves:  the  Sturgeon's  heart ^  shows  live  valves  in 
the  anterior  row,  and  four  valves  in  each  of  the  other  rows  ;  and 
the  free  margins  of  the  valyes  are  connected  hj  short '  chordaa 
tendine» '  to  the  parietes  of  the  bidb.  The  genera  Hexanihus, 
ffeptanehiu,  Cmtropkarus,  and  Tryi^  have  fonr  rows  of  yalves. 
The  heart  of  the  Baia  Batu*  shows  five.rowsj  the  valves 
inereasing  in  size  to  the  last  row,  which  is  at  the  teraination  of 
the  bulb.  Sc^ntu,  Squatina,  and  MyUehtt's  have  also  five 
rows  of  valves.  In  Cephaloptera  the  large  bulbus  arteriosus  * 
presents  internally  three  longitudinal  angnlar  ncl^-es,  at  the  sides 
of  which  are  small  valves  disposed  in  })airs,  ;uul  in  lour  or  five 
rows  :  besides  these  tliere  are  three  lar^jer  valves  at  the  l)e'nn- 
ninrr,  and  tliree  at  the  end  of  the  bulb.  The  valves  are  still  uiore 
numerous  in  lepldoganoid  fishes,  and  are  arranged  in  longitudinal 
rather  than  in  transverse  rows :  the  Poljpteros  shows  three  such 
rows  of  nine  or  ten  larger  semilunar  valves  alternating  with  as 
many  rows  of  smaller  valves.  The  Lepidoeteus  has  five  loi^i- 
tudinal  rows  of  sub-equal  valves :  those  at  the  end  of  the  bulb 
being  always  the  Uugest  and  most  efficient  In  the  Lcpidoeiren 
the  place  of  valves  is  supplied  in  its  long  and  twisted  bnlbns 
arteriosus  hj  two  longitudinal  ridges,  fig.  312,  r ;  *  the  interesting 
stages,  which  we  have  been  tracing  through  the  highly  organised 
Ganoids  and  Plagiostomes,  in  the  partition  of  the  bulb  Into 
diistinct  arterial  trunks  for  the  systemic  and  pulmonic  circulation, 
being  most  advanced  in  this  amphibious  fish. 

The  auricle  in  the  Lepidosimi  ajuirc/ens,  ib.  a,  is  essentially 
i»iugle^  but  has  two  car-like  appendages.^    The  venous  sinus 

I  A  ii.  p.  37,  prop.  no.  905.   «  Ib.  p.  38,  prep.  no.  908.   »  Ib.  p.  38,  prop.  no.  909. 

I  found  its  cavity  more  capaciotui  than  tlni  of  the  Gontnded  mtradc 
*  zxuil.  p.  d4a.    pL  xxvi.  fig.  S. «.  •  lift.  p.  84S. 
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commumcates  with  it  without  any  intervening  Talve ;  the  anride 
reoeiyes  the  vein  from  the  air-bladder  by  a  dii^ct  iq^ertore,  dose 
to  the  opening  into  the  ventricle;  regurgitation  into  liie  von 
being  prevented  by  a  hard  valvniar 
tuberde,  which  also  projects  into  the 
ventricle.  The  ventricle  (fig.  b)  is 
single,  like  the  auricle;  its  inner 
parietes  are  very  irregular :  a  *  tr^ 
becula'  projects  from  the  lower 
part  of  the  cavity,  like  a  rudimental 
septum  :  a  smaller  transverse  *  tra- 
becula'  arches  over  and  acts  as  a 
vah  e  to  the  single  auriculo-ventri- 
cular  opening,  but  there  are  no 
proper  membranous  semilunar 
valves. 

The  muscular  parietes  of  the 
'bulbus  arteriosus'  are  distinct  in 
all  fishes  from  those  of  the  ventricle ; 
they  may  be  overlapped  by  these, 
but  an  aponeurotic  septum  inter- 
venes between  the  oriorin  of  the  bulb 
and  the  overlapping  ventricular 
fibres.' 

§  84.  GtJh  of  Fishes. — The  primary  di\'ision  of  the  branchial 
artery  in  the  Myxinoids  has  been  already  described.  Each  gill- 
sac  receives,  either  from  the  trunk  or  its  bifurcations,  its  proper 
artery.  The  leading  condition  of  the  gills  in  other  fishes  may  be 
understood  by  supposmg  each  compressed  ssc  of  a  Myzine»  fig. 

S18  814 

Two  ^U-»aca,  MMb> 

Moma  TVro  (laMCi^  LmiiMf 

313,  Tw,  to  be  split  throngh  its  plane,  and  each  hslf  to  be  glued  by 
its  outer  smooth  side  to  an  intermediate  septum,  which  would  then 
sup|)ort  tlie  opposite  halves  of  two  distinct  sacs,  and  expose  their 
vascular  mucous  surface  to  view.    If  the  septum  be  attached  by 

*  xz.?qL  n.  Tf,  89,  pnp.  no.  910. 
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its  entire  margin,  the  condition  of  the  plagiostomous  gill  is  offected. 
If  the  septum  be  liberated  at  the  outer  part  of  its  circumference 
and  the  Tasonlar  surfaces  are  produced  into  pectinated  lamelli* 
gerouB  proceases^  tufto,  or  filaments,  proceeding  from  the  free  arch, 
the  of  an  ordinary  osseous  or  teleostomous  fish  is  formed. 
Such  a  gill  is  the  homologue,  not  of  a  ringle  gill-eac,  but  of  the 
contiguous  halves  ef  two  distinct  gill-sacs,  in  the  Myidnes. 
Already,  in  the  Lampreys,  the  first  stage  of  this  bi-partition  may 
be  seen,  fig.  314,  m,  and  llie  next  stage  in  the  Sharks  and  Rays: 
consequently  in  these  fishes,  a  different  artery  jroes  to  the  anterior 
branchial  surface  of  each  sac  or  fissure  from  that  which  sujiplies 
the  posterior  l>rancliial  surface  of  the  same  fissure;  whilst  one 
branchial  artery  is  appropriated  to  each  supportin«T  septimi  or 
arch  l)etween  the  fissures,  as  it  is  to  the  liberated  se])tum  or 
branchial  arch  in  the  Telcostomi^  Before  describing  the  branchial 
vessels  it  will  be  necessary  to  describe  the  organs  upon  which 
they  ramify. 

In  the  Lampreys  and  Plagiostomes  each  supporting  septum  of 
the  two  (anterior  and  posterior)  branchial  mucous  suifiuses  is 

attached  to  the  pharyngeal  and  dennal  integu- 
ments by  its  entire  peripheral  margin,  and  the 
streams  of  water  flow  out  by  as  many  fissures 
in  the  skin,  ib.  k,  as  those  by  wluch  they  enter 
from  the  pharynx,  ih.  f :  these  are  called  '  fixed 
gills,'  and  the  species  possessing  them  are  cha- 
racterised as  *  pisces  branchiis  fixis.'  In  the 
Teleostomi  =  Osseous,  Plectofinathic,  Lopho- 
branchiate,  Ganoid,  and  Holocephalous  fishes, 
the  outer  border  of  the  supporting  branchial 
arch  is  unattached  to  the  skin,  and  plays  freely 
backward  and  forward,  with  its  gill-surfims, 
in  a  oommon  gill-cavity  which  has  a  single 
outlet,  usually  in  the  form  of  a  vertical  fissure: 
the  species  with  this  structure  are  called  *  pisces  branchiis 
liberis.' 

In  the  Myxine  the  outlets  of  the  six  lateral  branchial  sacs,  fig. 
315.  fit,  on  each  side  are  produced  into  short  tubes,  which  open 
into  a  longitudinal  canal,  A,  directed  backward,  and  discharj^in 
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the  branchial  atream  by  an  orifice.  A,  near  the  middle  line  of  the 
ventral  snifaee:  between  the  two  ouileta  of  these  lateral  longi- 
tudinal oanak,  but  nearer  the  left  one,  is  a  Ihird  larger  opening, 
i,  which  oommunicates  hy  a  short  dnct  with  the  end  of  the  long 
cesophagus,  I,  and  admits  the  water,  which  passes  from  that  tube 
bj  the  Utcoral  orifices,/,  leading  into  iJie  branchial  sacs.    This  is 
the  first  step  in  developement  beyond  that  simpler  condition  which 
prevails  in  the  Lancelet,  where  the  whole  parietes  of  a  much 
dilated  oesophagus,  fig.  169,  rr,  are  organised  for  resi)iration ;  and 
besides  the  pharyngeal  opening,  ph,  the  sac  conununicates  by  a 
short  and  wide  '  ductus  ocsophago-cutaneus,'  ib.  or/,  with  the 
external  surface,  and  also  with  the  peritoneal  cavity.  The 
common  respiratory  surface  of  the  asophuLXus  is  ciliated  in  the 
Lancelet.    The  sacs  developed  from  tlie  a'sopha^^us,  <and  specially 
set  apart  for  respiration  in  the  INIyxinoids,  have  a  highly  vascular, 
hut  not  a  ciliated  raucous  surface  :  this  is  disposed  in  radiated 
folds,  and  is  further  increased  by  secondary  plica;.    The  seven 
branchial  sacs  on  each  side  of  the  a?sophagus 
have  short  external  ducts,  fig.  313,  k,  which 
open  by  as  many  distinct  orifices  in  the  skin 
in  a  species  of  Bdellostorna  hence  called  hep- 
tatrema  :  the  internal  branchial  ducts  com- 
municate by  as  many  openings,  ib.  f,  with 
the  ncsophagus.    In  the  Lampreys  there  are, 
also,  seven  stigmata  (m  each  side ;  but  another 
stage  in  the  separation  of  the  respiratory  from 
the  digestive  tract  is  here  seen,  for  each  in- 
ternal duct  conmmnicates  with  a  median 
canal,  fig.  310,     beneath  and  distinct  from 
the  ccsophagos,  terminating  in  a  blind  end 
behind,  and  commnnicating  anteriorly  with 
the  fauces  by  an  opening  guarded  by  a  double 
membranous  valve. 

In  all  higher  fishes  the  inlets  to  the  branchial 
interspaces  are  situated  on  each  side  the 
fauces,  and  are  equal  in  number  with  those 
interspaces,  fig.  816,  i — s.  The  outlets  are, 
with  die  exception  of  the  Flagiostomes,  single 
on  each  side:  they  varymudi  in  size;  are 
relatively  largest  in  the  Herring  and  Mackerel 
famiUes,  smallest  in  the  Eehi  and  Lophioid 
fishes;  in  some  of  the  small  Frog-fishes, 
AntennariuB,  the  circular  branchial  pore  is  produced  into  a 
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short  tube  above  each  pectoral  fin.    The  power  of  existing 
long  out  of  water  depeucU  chiefly  on  these  mechanical  modi- 
fications for  detaining  a  quantity  of  that  element  in  the 
branchial  sacs ;  for  fishes  perish  when  taken  out  of  water,  chiefly 
by  the  oohesion  and  desiccation  of  their  fine  Taacular  branchial 
proceasee,  through  which  the  blood  is  thereby  prevented  from 
passing.*   If  sufficient  water  can  be  retained  to  keep  the  gill- 
plates  floating,  the  oxygen  which  ia  consumed  by  tiie  capillary 
branchial  circulation  is  supplied  to  the  water  retained  in  the 
branchial  aac  directly  from  the  air.    In  some  of  the  Eel  tribe  the 
small  branchial  outlets  are  closely  approximated  below,  as  in 
Sjilutgebranclius ;  and  they  ai*e  blended  into  a  single  orifice  iu 
Sf/rfibranchus,  analogous  to  that  in  the  ^lyxine.  In  some  (jraiioidis, 
many  Plagiostomes,  fig.  137,  br,  and  all  Sturgeons,  a  canal  leads 
from  the  fore  part  of  each  side  of  the  branchial  chamber  to  the 
top  of  the  head ;  the  outlets  are  called  '  spiracles,'  the  canals 
'  spiracular*'   The  nasal  sac  communicates  iu  the  Lamprey  with 
the  sin^e  homologous  canal,  the  inner  or  £ui6ial  apertoie  of 
which  is  shown  at    fig.  277* 

The  branchial  chamber  is  largest  in  the  fishes  which  have  the 
smallest  outlets,  as,  e,g,,  in  the  Eel  tribe,  the  Uranoscopi,  the 
Blennies,  and  especially  the  Lophioids :  extending  backward  in  tlie 
Angler  (^Lophius  piscatorius)  towards  the  hind  j)art  of  the  abdomen, 
with  a  proportional  elongation  of  the  branchiostcfjal  rays ;  and 
still  further  back  iu  llalientea.  The  opercular  fla^js  iurniing  the 
outer  wall  of  the  gill-chambers  are  described  at  pp.  123,  124, 
fig.  84 ;  the  branchial  arches  at  p.  106,  fig.  85.  The  basi- 
branchials  are  usually  present  only  in  the  two  or  three  anterior 
arches,  the  others  joining  below  dli  ectly,  or  by  the  medium  of  a 
gristly  plate  {IVigla)  to  the  last  basibranchial ;  or  terminating 
loosely,  as  in  Murenophu.  The  hypobiaachials  are  usually 
present  only  in  the  first  or  second  arches:  the  most  coDstant 
elements,  both  as  to  existence  and  shape,  are  the  ceratobrancbials, 
fig.  85,  ATy  and  epibranohiala,  ib.  48.  The  pharyngo-branchials, 
ib.  49,  vary  in  shape  and  tissue ;  they  attadi  the  arches  to  the 
base  of  the  skuU,  and  develope,  with  the  anterior  eplbranchialrJ, 
fig.  325,  the  complex  labyiiiithic  appendages  of  the  braucliial 
apparatus  in  the  Cluuljing  Perch  (Annhm)  and  its  allies.  In 
Lophius  and  Diodon  there  are  (m]y  three  jmirs  of  branchial  arches. 
The  fissures  between  the  arches  become  shorter  as  they  recede  in 
position,  the  last  being  commonly  a  mere  foramen :  their  vertical 
extent  shows  an  agreement  with  that  of  the  outer  gillndit:  they 
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▲  brancliUl  leaf,  with  the  resplntoir  caplUaiios  on  side. 


are  longy  e.g.  m  the  Mackerel ;  short  in  the  Eel :  in  the  Lopho- 
bnmoha  they  are  one*11urd  the  length  of  the  arches:  in  the 
Plectogonaths  they  are  half  that  length ;  in  the  Carp-tribe  they 
are  neady  as  long,  in  the  Salmon-tribe  quite  as  long,  as  the 
branchial  arches  ihemselTes. 

The  main  purpose  of  the  gills  of  fishes  being  to  expose  the 
Tenons  blood  in  a  state  of  minnte  snbdiTision  to  streams  water, 
the  branchial  arteries  rapidly  divide  and  subdiyide  until  they 
resolve  themselves  into  mi* 
erosooittc  capillaries.  These 
constitute  a  network  in  one 
plane  or  layer,  fig.  317, 
supported  by  an  elastic 
plate,  and  covered  by  a 
tessellated  and  non-ciUated 
epithelium.  This  covering 
and  the  tunics  of  the  capil- 
laries are  so  thin  as  to 
allow  the  chemical  inter- 
change and  decomposition 
to  take  ])Uice  between  the  car])onated  blood  and  the  oxygenated 
water.  The  requisite  extent  of  the  respiratory  field  of  capillaries  is 
gained  by  various  modes  of  multiplying  the  surface 
within  a  limited  space.  In  the  Marsipobranchii 
and  Plar/iostomi,  £or  example,  by  folds  of  mem- 
brane on  j)lane  surfaces  :  in  the  Lophobranchii  by 
clavate  processes  grouped  into  tufts :  in  the  /Vo- 
toptcri,  by  doulde  or  single  fringes  of  filaments: 
ill  the  rest  of  the  class  by  the  production  of  the 
cai)illary-sup{)orting  plates  from  each  side  of  long, 
compressed,  slender,  pointed  processes,  extending, 
like  the  teeth  of  a  comb,  but  in  a  double  row,  fig. 
3 1 8 ,  f/,  (/,  from  the  convezside  of  each  branchial  arch» 
fig.  311,6. 

Each  pair  of  processes  has  its  flat  sides  turned 
toward  contiguous  pairs,  and  the  two  processes  of 
each  pair  stand  edgeways  toward  each  other,  and 
are  commonly  united  for  a  greater  or  less  extent 
from  their  base :  hence  Cu>'icr  describes  each  pair 
as  a  single  bifurcated  plate,  *  feuillet.'  * 

In  the  Swordfish  {Xiphias),  the  processes  of  the 
same  pair  stand  quite  free  from  each  other ;  whence 
Aristotle  described  this  fish  as  having  double  the 
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usual  number  of  gills.'  But  to  compensate  for  this,  independ- 
ence*  and  to  prevent  the  inconvenience  of  mutual  preasaret  the 
pTooeaaeB  oi'  the  same  series  are  united  together  by  little  vascalir 
lamellse,  so  that  the  surface  of  the  gill  is  reticulate  rather  than 
pectinate.  In  the  OrtluKjoriscus  the  processes  of  each  series  are 
not  opposite,  but  alternate.  In  a  few  species  the  processes  of 
each  pur  are  joined  together  to  near  their  apices^  as  iu  the 
Sturgeon,  in  which  the  musculo-membranous  medium  of  union 
extends  from  pair  to  pair  throughout  the  entire  gill,  forming  a 
true  '  septum  branchiale,'  and  i)rc3enting  a  transition  to  the  more 
complete  septum  which  divides  the  respiratoiy  Tascular  soi&cee 
in  the  Plagiostomes. 

In  fig.  318,  the  course  of  the  blood  through  a  pair  of  braachiil 
processes  is  diagnudmaticallj  shown:  a  is  a  section  of  the 
brandual  artery ;  d  is  the  branch  sent  along  the  outer  margin  of 
the  process ;  e  is  the  ressel  receiving  the  blood  from  the  ciqiil* 
laries  after  tiie  respiratory  change  has  been  effected,  and  retoming 
it,  along  the  inner  border  of  the  process,  to  the  branchial  yein,  the 
sectional  area  of  whidi  is  shown  at  c  In  fig.  319  are'  shown  the 
vascular  plates  or  lamellas,  6,  of  the  branchial  processes,  a',  in  the 
Cod  {Morrhua  vulgaris),  iu  which  they  are  confined  to  tiie  inner 
half  or  two-thirds  c^the  process.  Fig.  317,  rcpresentmg  a  trans- 
verse section  of  the  process,  shows  the  degree  and  form  in  which 
the  plates  extend  from  it  on  each  side:  the  arrows  indicate  tlie 
course  of  the  blood  from  the  outer  to  the  inner  border  of  the 
plute-bcariup:  process.  Fig.  320  represents  tlie  fnuue-vvork 
supporting  thu  va.scular  structure  of  the  j^ill :  o  is  a  section  of  the 
branchial  arch ;  h  is  the  base  of  the  l)raiichial  process  attached  lo 
but  distinct  from  the  arch :  c  its  outer  ol)tuse  V)or(ler ;  d  its  inner 
border,  from  wliich  arc  continued  the  elastic  cords,  /",  cxteudiug 
alonir  the  outer  margin  of  tlie  lamella;,  fig.  317,  t,  and  niaintaininn- 
thoni  ou I. stretched.^  The  number  oi  ^dateson  one  pn>ce.^?i  ha:s  been 
esthnatcd  at  5<3  in  the  Gud<^eon,  96  iu  the  Tench,  106  in  the 
Barbel,  135  in  the  Carp,  700  in  the  Ed,  1000  in  the  Cod, 
1400  in  the  Salmon.  ItiOO  in  the  Sturj^eon. 

In  some  Osseous  TisliCri  certain  of  the  branchial  arches  support 
only  one  series  of  processes ;  such  are  called  *  uniserial/  or  *  hall'' 
gills;  but,  as  a  general  rule,  they  support  *  biserial,'  or  *  whole* 
gills.  Most  of  the  Labroids,  the  f^enera  Cottus,  Scorpfena, 
Sebattes^  jipistes,    Zeus,   Antennarius,    JPobfpterus,  GMesax, 

*  xxin.  t.  Tiii.  p.  192. 

2  For  the  histologjr  of  these  lirnctnros,  seo  Dr.  Williama's  minate  description  m 
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Lepadogaster,  and  the  Ci/clopterus  liparis  have  three  biserial  gills 
and  one  uniserial  gill ;  the  genera  Lophius,  Batrachusy  Diodouy 
Tetrodon,  Monopterus,  Cotylis,  have  tliree  biserial  gills ;  Malthcea 
and  Lepidostreii  have  two  biserial  gills  and  one  uniserial  gill ;  the 
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Bectlon  of  branrhiAl  arcli  with  a  pair  of  proccaaes.       Section  of  branchial  arch,  a,  with  supporting  frmme- 
A',  aupportlDg  the  hrancJiUd  plates,  6, Cod.  work  of  the  plate-bearlDK  processes.  Cod. 
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Cuchia  {Amphipnous)  has  only  two  gills.  The  above  enumeration 
refers  to  the  branchial  organs  of  one  side ;  they  are  symmetrical 
in  all  fishes,  and  the  uniserial  opercular  gill  is  not  counted,  as  not 
being  attached  to  a  proper  branchial  arch. 

The  branchial  processes  are  bony,  at  least  along  the  outer  and 
thicker  border,  in  most  Osseous  Fishes  (e.g.  Salmo,  Alosa,  Gadus), 
They  are  gristly,  like  the  arches  which  support  them,  in  the 
Sturgeon,  where  they  break  up  into  delicate  branched  fringes, 
along  their  outer  margin.  Small  *  interbranchial '  muscles  extend, 
through  the  uniting  septum,  between  the  bases  of  the  processes, 
for  effecting  slight  reciprocal  movements.  • 
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The  oonoave  borden  of  the  branchial  arches  are  vsiudly  beset 
with  defensive  processes,  fringes^  or  tnbercles^  and  these  sometimes 
support  small  teeth  which  aid  in  deglutition ;  but  the  chief  office 
of  these  appendages,  which  project  inward  toward  the  mouth,  is  to 
prevent  the  passage  of  any  particles  to  the  interspaces  of  the  gills, 
which  might  injure  or  irritate  their  delicate  texture.  In  the 
edentulous  Sturgeon  and  Paddlefish  each  arch  supports  a  cloae-set 
series  of  such  retroverted  slender  tapering  filaments^  fig.  276, 
which  are  longer  than  the  opporite  branchial  processes*  ib.  «: 
they  are  developed  even  from  the  fifth  or  pharyngeal  arch,  which 
has  no  gill.  Similar  fringes  of  extreme  delicacy  defend  the 
branchial  slit  in  the  Ghray  Mullet  Frequently  such  a  fringe  is 
developed  only  from  the  first  branchial  arch,  Mackarel,  Perch, 
fig.  85,  63,  the  rest  supporting  dentated  tubercles,  fig.  321,  and 
the  last  or  pharyngeal  arch  being  beset  with  teeth  only.  In  the 
Kemora  and  many  other  Fishes,  the  defensive  tubercles  on 
opposite  sides  of  the  same  branchial  fissure  interlock,  like  the 
teeth  of  a  cog-wheel.  In  the  Lepidosirm  anneeiens,  fig.  316, 
short  valvular  processes  are  developed  from  the  sides  of  those 
branchial  fissures  only  which  lead  to  the  gills,  the  first  and  second 
arches  having  no  gills.  In  the  Conger,  all  the  branchial  arches 
are  devoid  of  defensive  fringes  or  tubercles." 

The  immediate  force  of  the  hearths  contraction  is  applied  by  a 
short  and  rapidly  divided  arterial  trunk,  fig.  308,  B,  upon  the 
branchial  circulation.  Only  in  a  few  fishes  is  the  heart  removed 
backward  from  the  close  proximity  of  the  gills,  and  then  the 
branchial  artery  is  pro] tort lonally  clongatx»d  ;  a^s  in  tlie  Eel  tribe, 
especially  tlie  St/nhrmtchiihp  :  tlie  artery  is  long  in  the  PliDiirostra^ 
fig.  27G,  .V.  The  primary  branches  are  always!  u)i|tositc  aiul  sym- 
metrical, but  vary  in  number  in  (liUci  cut  species.  Very  commoniy, 
as  in  the  Perch,  they  arc  tliret?  in  number  on  each  side;  the  first 
braucli  dividing,  as  in  fig.  308,  li  li,  to  supply  the  fourth  and  third 
gills,  the  second  going  to  the  second,  and  tlie  third  to  the  fir>t 
gill,  ib.  Z»,  hi;  In  the  Polypterus  anci  Skate  there  are  only  two 
primary  branches  on  each  side  :  the  first  supplies  the  three  jx>8te- 
rior  fills  ;  the  second,  formed  by  a  terniiiial  bifurcation  of  the 
branciiial  trunk,  supjdies  the  anterior  gill  in  the  Polypterus,  and 
in  the  Skate  bifurcates  to  supply  also  the  uniserial,  opercular,  or 
hyoitl  gill.  The  Fox-Shark  {Alopias)  and  the  Lepidf^stcns  givo 
examples  of  ibur  pairs  of  primary  branches  firom  the  branchial 

*  See  prep.  1038.  C^ODger),  Mul  it*  dMoriptioo,  xx.  1834,  p.  S3. 
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trunk.  In  the  Sliarlc  tlio  first  pair  come  off  close  together  from 
tlic  dorsal  part  of  the  trunk:  the  artcrieri  of  the  last  ])air  (|uieklv 
bifurcate,  and  thus  each  of  the  five  branchial  fissures  receives  its 
artery.  The  ^Myxinoids  ofl'er  the  exceptional  instances  of  the 
bifurcation  of  the  branchial  trunk  by  a  vertical  division  into  two 
lateral  forks,  extended  in  one  species  to  near  its  hase :  the 
Lepidosteus  presents  the  still  rarer  example  of  the  trunk  beinjr 
cleft  horizontally  into  an  upper  and  lower  ])rimary  division  ;  the 
upper  or  dorsal  division  sends  off  two  branches  on  each  side,  the 
posterior  dividing  to  supply  the  fourth,  fig.  323,  5,  and  third, 
ib.  4,  gills,  the  anterior  going  to  the  second  gill,  ib.  3:  the  lower 
division  sends  off  the  pair  of  arteries  to  the  first  pair  of  gills, 
ib.  then  extends  forward  and  bifurcates  to  supply  the  uniserial 
opercular  giUs,  ib.  i,  which  arc  present  in  this  ganoid  genus,  as 
in  the  Sturgeon.*  In  the  Cod 
and  other  Osseous  Fishes  the 
▼easels  on  each  side,  which  are 
analogous  to  the  pulmonary 
▼eins  in  man,  unite  to  form  the 
*  aortic  drcle,'  fig.  32 1 ,  «,  which 
encompasses  the  basisphenoid,ii. 
The  current  of  arterisiised  blood 
flows  forward  at  the  fore-part  of 
this  circle  into  the  hyo-oper- 
cular,  /,  and  orbito-nasal,  ft, 
arteries ;  but  the  main  streams 
are  directed  backward,  and  con- 
▼eige  in  the  direction  of  the 
arrows  to  the  aortic  trunk.  The  carotids,  c,  the  homologues  of  the 
subdayians,  <f,  sent  to  the  pectoral  fins,  and  sometimes  the  coro- 
nary vessels  of  the  heart,  are  sent  off  from  the  aortic  circle.  But 
no  systemic  heart  or  rudiment  of  a  propelling  receptacle  is  de- 
veloped in  any  fish  at  the  point  of  confluence  of  tbe  branchial 
veins. 

Small  vessek  are  sent  off  from  tiie  maigbial  braadual  venules 
by  short  trunks,  which  ramify  beneath  the  brandiial  membrane, 
and  become  the  «arteri»  nutritisB'  of  the  gills:  their  capillaries 
are  collected  into  venous  trunks,  which  quit  the  gills  coounonly 
at  both  iheir  extremities,  those  from  itte  dorsal  ends  joining 
the  jugular  veins,  those  from  the  ventral  ends  emptying 


ami 


icnnentoC  lllritnnle  OnolMkni,  Done 


Il2 


Digitized  by  Google 


4g4  ANATOMY  OF  VBRTBBRATES. 

iheiiiselyee  into  the  pwwsavals,  or  directly  into  the  great  auricular 

Such  is  ihc  outline  of  the  general  structure  of  the  bcautitui 
and  complex  mechanism  of  the  normal  or  pectinated  gAhoi  fishea. 
Of  tliis  there  arc  many  minor  modifications ;  some  of  which  receive 
explanation  from  known  phenomena  in  the  deyelopement  of  the 
gills others,  tcleo^ricallv,  from  the  habits  of  the  species. 

Five  hranrhiul  arches  and  arteries,  or  vascular  hoops,  are 
developed  on  eu.  h  side  in  the  embryo  of  all  fishes  above  the  Der- 
mopteri,  as  a  ge.u  ral  rule.'  At  first  the  trunk  of  the  branchial 
arteries  simply  bifurcates,  the  divisions  passing  round  the  pharynx 

and  reuniting  on  it*  aor- 
322  sal  surface,  to  form  the 

aorta.  Behind  this  ]>ri- 
mary  circle,  which  cor- 
responds with  the  fold 
developing  the  hyoid  and 
mandibular  arches,  four 
additional  arterial  hoops 
are  sent  off,  fig.  322,  a, 
which  traverse,  without 
further  ramificatioDS,  the 
convex  ride  of  the  four 
anterior  simple  ])ranchial  arches,  and  reunite  above  in  the  aortic 
trunk,  il>.  jfi.  If  a  slxtli  arterial  arcli  be  developed,  corrcsi>ond- 
ing  with  the  fifth  Imuichlal  arch,  as  its  presence  in  the  Lepi- 
dosiren  would  indicate,  it  has  not  been  observed,  and  must 
soon  disappear  in  most  Osseous  Fishes.  In  these  the  irills  make 
their  appearance  as  leaflets  budding  out  from  the  com  exity  of 
the  four  anterior  branchial  arches,  each  leaflet  sui)porting  a 
corresponding  loop  of  the  branchiid  artery;  and,  as  tlie  bifur- 
cadon  and  extension  of  the  primary  leaflets  and  the  puUulation 
of  secondary  laminie  and  loops  proceed,  the  vascular  arch  begins  to 
se])arate  itself  lengHiwise  into  two  channels,  traversed  by  opposite 
cun  cuts,  and  thereby  establishing  an  arterial,  fig.  318,  rf,  and  a 
venous,  ib.  trunk  in  relation  to  the  loops  and  thdr  vascular 
devclopcmenta  on  the  branchial  processes.    In  Osseous  Fishes 

*  These  'tenaJ  nutriiiic'  arc  nniisunlly  large  in  tlic  Ciirp;  but  nro  not,  as  l)u  Verncy 
supposed  (cvm.),  directly  continued  horn  the  true  '  veujv  branchialcj^;'  and  they  do 
not,  therefore,  divert  any  of  the  Btrcam  of  arierialiscd  bhwd  from  the  aorta  to  poor  U 
directly  into  the  venous  sinus.    See  MuUer,  ZZL  1841,  p.  28. 

*  czi*  cxn.  oxin. 

*  The  tix-gilled  Shark  (JfeMiidhw)  and  the  feTen-gilled  Shwk  iH^pUmekmt)  an 
among  the  few  ezeepthma. 
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the  primaiy  arterial  aroh^  corresponding  with  the  anterior  or 
hyoid  one,  developea  either  a  simple 
(uniserial)  gill,  or  a  plesaform,  plu- 
mose, rudiment  of  a  gill,  or  both,  or 
neither.  In  the  Lepidosteus  this  arch 
retains  its  primitive  connection  'with 
the  extremity  of  the  branchi-arterial 
trunk,  and  developes  on  each  ride  a 
small  uniserial  pectinated  gill,  fig.  323, 
1,  from  the  membrane  clothing  the 
inner  surface  of  the  cerato-hyoid  and 
preopercular  bones:  the  vein  or  effe- 
rent vessel,  of  this  gill  goes  to  a  smaller 
pectinated  organ,  ib.  R,  consisting  like- 
wise of  one  series  of  vascular  filaments,  which  agrees  with  the 
*  pseudobranchia '  of  other  fishes  in  being  supplied  with  arterial 
blood.  In  the  Sturgeon,  the  Lepidosiren,  and  the  Plagiostonies  the 
representative  of  the  primary  vascular  arch  has  become,  by  partial 
bifureation  of  the  branchi-arterial 
trunk,  a  secondary  branch,  sent  off 
by  the  artery  of  the  first  branchial 
arch:  but  it  nevertheless  dcvelopes 
a  simple  <i'\\\y  of  one  series  of  filaments 
in  the  Lejiitlosiren,  fii^.  324,  i,  and  of 
the  anterior  series  of  lamellaj  in  the  first 
gill-bag  of  the  IMagiostomes :  and  this 
scries  is  attached,  like  the  opercular 
«^ill  of  the  Lepidosteus  and  Sturgeon, 
to  the  membrane  supported  by  the 
hyoid  arch. 

In  most  Osseous  Fishes  \vc  reeo<rnise 
the  reduced  homologue  of  the  anterior 
primary  vascular  arch  iu  that  vessel, 
fig.  321,  e,  which  is  continued  from  the 
venous  or  refluent  division  of  the 
second  primary  vascular  arch  ;  not,  as 
in  the  foregoing  fishes,  from  the  ar- 
terial division  of  that  arcli,  or  from 
the  branchial  trunk.  The  vessel  in 
question  carries,  therefore,  arterial 
blood:  it  manifests  its  primitive 
character  bj  returning  into  the  circulus  aorticus,  as  at  fig. 
321,  but  now  recdves  blood  from  it,  and  is  called  'arteria 
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hyo-opercularis :  *  the  pjiciido-hranchia,  when  present,  as  at 
lig,  321,  R,  is  (levi'lopcd  from  ii. 

In  Osseous  Fishes  the  tour  normal  biscrial  pectinated  gills  arc 
developed  oidy  from  the  four  anterior  branchial  arches  ;  the  fiith 
and  last  arch  has  no  gill  developed  from  it,  but  is  converted,  as  we 
have  seen,  into  a  pair  of  accesaory  jawa  In  the  Lepidosiren,  as 
in  Hezanchue,  the  fifth  arch  supports  a  nnisenal  gill,  fig.  324, 
In  the  Flanirostra,  although  the  branchial  pecten  ia  not  developed 
from  it^  yet  the  same  kind  of  long  slender  filamentary  prooesses 
project  inwards  from  its  concavity,  as  from  that  of  each  of  the 
anterior  four  pairs  of  branclual  arches.  The  five  interspaces 
between  the  hyoid  arch  and  the  five  branchial  arches  are  originally 
exposed  on  the  sides  of  the  head  of  the  embryo  osfscon?  fifh  :  tJie 
opercular  und  })ranehio8tepfal  appendages  are  later  (lr\ clupi  uients, 
and  ilie  &in*£le  branchial  ontlet  is  Uic  result  ol  die  ioniiatinn  of  the 
;^lll-ci»vcr.  Thus  the  numerous  branclilal  a|)erturos  in  the  carri- 
iaf^inous  fishes,  like  the  substance  of  their  skeleton,  are  retentions 
of  embryonic  structures.  Very  interesting  arrests  of  developement 
are  also  tbund  in  bony  fishes.  We  have  seen  that  the  primary  vas- 
cular hoops  sweep  over  their  respective  arches  without  sending  off 
any  branches,  the  (subsequently)  branchial  veins  being,  in  the 
embryo,  direct  continuations  of  the  branchial  arteries.  This 
primitive  condition  is  persistent  in  the  fourth  branchial  arch  of 
certain  Mur^noid  fishes  of  the  Ganges,  Monopterus,  S^nihranchu»\ ' 
it  is  persistent  in  the  first  and  second  branchial  arches  of  the  ed- 
like  Leptdosiren,  fig.  324.  2,  3.  Such  arches  are,  therefore,  gill- 
less,  and  a  certain  proportion  only  of  the  blood  tranMiiiued  In m 
the  heart  is  aerated  in  the  gills  :  about  one  fourth,  e.  g.  in  Mmto- 
jitrnis,  goes  directly  to  the  aorta  in  it«  venous  state  ;  a  larger 
(piantity  would  pass  into  the  roots  of  the  aorta.  fi<x.  .312,  r>,  r>,  and 
mix  with  the  general  circulation  iu  the  Lepidosiren,  were  no  piirt 
of  the  current  diverted  by  the  vessels  /,  into  the  lung-like 
modification  of  its  air-bladder, 

A  tuft  of  filaments,  supporting  each  a  single  vascular  loop,  and 
covered  with  non-ciliate  epithelium,  extends  from  each  branchial 
plate,  protruding  from  the  outer  slit,  in  the  onbryo  of  the  Plagio- 
stomes ;  *  and  a  similar  tuft  also  extends  from  the  spiracle  in  those 
species  which  possess  it,  e.g.  Mttstelus  and  Aeanthiasi  bat 
these  prclmiinary  branchial  organs  soon  disappear/  Three  seem- 
ingly analogous  filaments  are  retained  on  each  side,  for  a  longer 
period,  in  the  JLepidotiren  annectens ;  but  lose  tJiat  yascuhir  and 

»  CUX»  '  \x.  vol.  V.  p.  72.  '  i.xix,  p,  88,  pi.  14. 
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respiratory  character  before  they  are  al).sorl»ecl.  Accessury 
resj)ii*atory  organs,  acting  chiefly  as  a  reservoir  or  filter  of 
water,*  are  developed  from  the  upper  part  of  the  pharynx 
in  the  Climbing  Perch  {Anabas  Mcandens)  and  allied  iiahes  of 
amphibious  habits;  they  are  complex  folds  of  slightly  Tascular 
membrane  supported  on  sinuous  plates  developed  from  the 
pharyngo-  and  epi-branchials  of  the  ante-  825 
rior  branchial  arches,  fig,  325,  48 ;  whence 
thb  fiunily  of  fishes  is  called  Labi/rinihi' 
branchiL  An  accessory  branchial  ramified 
Tascular  organ  is  similarly  situated  in  the 
genus  thence  called  Ifetcrohranchus,  It  re- 
send)les  a  miniature  tree  of  red  coral,  is 
hollow  and  muscular,  and  serves  not  onlv  for 
respiration,  but,  as  C'uvier  suggests,  to  ai<l  in 
i)ropelling  the  arterialised  blood  into  the  Bnacjiiai u-rbea and lAbyrin- 
aorta.     In   the   Lucnia  {Amp/ajjiwus),  a 

finless  snake-like  fish,  whicli  lurks  in  holes  in  the  marshes  of 
Bengal,  the  second  branchial  ar(  h  snpports  a  few  long  fibrils,  and 
the  third  a  simple  lamina  fringed  at  its  edge ;  the  first  and  fourth 
arches  have  not  even  the  rudiment  of  a  gill.  The  branchial 
function  is  transferred  to  a  receptacle  on  each  side  of  the  head, 
above  the  branchial  arches,  covered  by  the  upper  part  of  the  oper- 
cular membrane;  these  receptacles  have  a  cellukr  and  higlUy 
vascular  internal  surfiMse;  the  cavity  communicates  with  the 
mouth  by  an  opening  between  the  hyoid  and  first  branchial  arch, 
and  receives  its  blood  from  the  terminal  bifurcation  of  the 
branchial  artery,  and  also  IVom  the  efferent  vessels  of  the  rudi- 
inental  gills.  Those  from  the  supplemental  lung-like  vascular 
sacs  are  collected  into  two  trunks,  which  unite  with  the  posterior 
unbnmchcd  branchial  arteries  to  form  the  aorta.  Thus  about  one 
hail'  of  the  volume  of  blood  transmitted  from  the  heart  is  con- 
veyed to  the  aorta  without  being  exposed  to  the  action  of  the  air. 
This  amphibious  fish  is,  as  might  be  expected,  of  a  sluggish  and 
torpid  nature,  and  remarkable  for  its  tenacity  of  life.  The  homo- 
logues  of  the  superior  branchial  sacs  extendinaGangetic  Siiuroid 
fish,  the  Singio,  beyond  the  cranium,  backward  beneath  the  dorsal 
uiyocommata  upon  the  neural  arches  of  the  vertebne  to  near  the 
end  of  the  tail,  where  ihey  terminate  in  blind  ends.  The  inner 
tunic  of  the  sacs  is  a  delicate  vascular  membrane,  supplied  by  a 
continuation  of  the  posterior  branchial  artery.  Tiie  position  of 
the  palutul  opcuiug  of  the  sac,  in  relation  to  the  lumiuie  of  the 

'  ouuuv,  vol.  iii  p.  373. 
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second  and  third  arches,  is  such  that  water  can  with  difficoltf 
penetrate  them,  and  they  are  nsoally  found  to  contain  air.  They 
are  not,  howcTer,  the  homologaes  of  the  air-bhidder  or  of  longs, 
though  thej  are  analogous  to  the  latter  in  function.  By  this 
extreme  modification  of  the  o|>ercular  gill  the  Singio  {Saeeo- 
IfranehuM,  Cuv.)  b  enabled  to  trayel  on  land  to  a  great  distance 
from  its  native  rivers  or  marshes,  and,  like  the  Cuchia,  is  remark- 
able for  -uTN  ivin^r  the  infliction  of  severe  wounds.*  In  most  fishes 
a  rit'li  \ iiicnt  <»f  foUickjs  on  the  walls  of  the  <rill-chamber 
sujjplio-'  the  ri  ariciiial  inaciiinery  with  a  luHricatinjx  iiuieus. 

The  mechafil.-m  ot"  branchial  re»j>iration  (lifters  from  that  of 
swallowing,  only  in  the  streams  of  water  being  prevented  from 
entering  the  gullet,  and  being  diverted  to  the  branchial  slits  on 
each  side  the  pharynx. 

The  mouth  opens  bj  the  retraction  of  the  premaxillary  and  the 
depression  of  the  mandible.  Almost  simultaneously  the  mandi- 
bular rami  are  divaricated  behind  by  the  action  of  the  '  levatores 
tympani/  fig.  134,  upon  their  pedicles;  the  opercular  flaps  are 
drawn  outward  by  the  *  levatores  operculi/  ib.  25 ;  the  branchio- 
Btcgal  membrane  is  dilated  by  divarication  of  the  rays,  the  *  leva- 
tores  braiichiostegarum,' fig.  135,  28,  opposing  the  *  depressores,* 
ib.  d,  ill  this  action  ;  the  branchial  arches  are  successively  drawn 
forward  and  outward  by  the  *  branchi-levatores,'  fig.  137,  3,  and 
*  mnstobrnnchialcs,*  ib.  2G;  and  the  brnnehial  chamber  being  thus 
cx|iaii(|r(],  the  water  rushes  in  through  tlie  sieve-like  inner  slits, 
and  fills  the  chambers,  floating  apart  the  gills  and  filtering 
between  every  branchial  process  and  fold.  The  inner  slits  are, 
then,  closed  by  the  protraction  of  the  hyoid  and  depression  of  the 
branchial  arches,  the  *  geniohyoidei,'  fig.  135,  cooperating  with 
the  '  branchi-depressores,*  fig.  137,  ? 5,  in  this  action ;  the  branchial 
proccBses  are  approximated  and  divaricated  by  special  muscles, 
and  elastic  parts.  The  respiratory  currents  are  driven  out  by  the 
contraction  of  the  branchiostegal  membranes  and  the  depression 
and  adduction  of  the  opercular  flaps,  which,  on  the  exptdsion  of 
the  currents,  close  like  a  door  upon  the  *  sill '  formed  by  the 
scapular  arch.  In  tlie  PI agio:> tomes  tlic  branchial  currents  are 
moved  and  directed  l»y  muscles,  comUiucd  with  elastic  stnietiuef*, 
ni(»ro  immediately  acting  on  the  inner  and  outer  siita  and  the 
i  1 1 1 e  r  m  e d i  a tc  chambers. 

§  85.  Arteries  of  Fishes. — The  first  structui'e  to  be  noticed  in 
coimoction  wi(li  the  arterial  system,  is  the  vascular  body  already 
alluded  to  under  the  name  of  ^  pseudobianchia.'  MormyruMy  Tinea, 
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Cobiiis,  Nandu9,  Silurut,  Bairachus,  Gymnotus,  MurcBnophis,  and 
Murtsm  are  examples  of  gwerain  which  it  has  not  be  e  n  detected. 
In  almost  all  other  OsseoUB  Fishes  it  is  present^situatcd  on  each  side 
of  the  head,  in  adyance  of  the  dorsal  end  of  the  first  biserial  gill, 
under  the  form  either  of  a  small  exposed  row  of  vascular  filament*!, 
like  a  uniserial  gill  (as  in  all  ScisBnouls  and  many  other  Atantlw- 
pteri,  the  PUuronectidiBy  and  the  Lejiidostem,  fig.  323,  ii) ;  or,  like 
a  vaso-guiiglionic  body,  composed  of  parallel  vascular  lobe^j,  and 
eovered  by  the  membrane  of  the  Ijraiichiai  chamber  (as  in  Fmr, 

Cyprinusy  Gadus,  fig.  321,  u).    In  both  cases  the  vein  or  efierent 
vessel  of  the  pseudohranelila  becomes  the  ophtliahnic  artery,  ib, 
and  the  choroid  *  vaso-ganglion,*  when  present,  is  developed  from 
it.    The  Sturgeon,  like  the  Lepidosteus  and  Lepidosiren,  has  a 
uniserial  oi)ereular  gill,  the  homologuc  uf  the  first  so-ealled  '  half- 
gill  '  of  the  Plagiostonies  ;  and,  on  the  anterior  wall  of  the  *  spira- 
cular  canal,'  a  small  vasicular  lamellate  IxmIv  receives  artcrialised 
!)I()()<1  by  a  vessel  sent  off'  from  tlio  \(Au  ui'  tlie  first  biserial  gill ; 
wliieli  blood,  after  being  subdivideil  amongst  innumerable  pinna- 
tifid  capillaries  ia  collected  again  into  the  efferent  vessel  of  that 
body,  and  divides  into  the  artery  for  the  brain  (encephalic),  and 
that  for  the  eye  (ophthalmic).  The  pseudobranehia  is  thus  a  kind 
of  *ret€  mirabile'  for  both  the  cerebral  and  ophthalmic  circulation 
in  the  StnrL^  <  ni  ■ :  in  Osseous  Fishes  it  stands  in  that  relation  to  the 
eye  only,  and  is  most  generally  associated  with  the  more  immediate 
ophthalmic  '  rete  mirabile,'  called  *  choroid  gland,'  fig.  216,  o. 
The  pseudobranehia,  in  the  Plagiostomes  that  have  the  spiracula,  is 
developed,  as  in  the  Sturgeon,  on  the  anterior  wall  of  each  of  those 
temiMiral  outlets  from  the  branchial  cavity :  its  *  vena  arteriosa* 
supplies  the  eyes  and  part  of  the  brain:  it  coexists  in  the  Plagio- 
stomes, Chimseroids,  Sturgeons,  and  some  Osseous  Fishes,  with 
the  vaso-ganglion  supplied  by  vessels  from  the  anterior  branchial 
veins,  which  lies  bet  we  en  the  anterior  basi-branchialg  and  the  sterno- 
hyoid muscles.    Besides  the  small  nasal  and  orbital  arteries,  and 
the  hyo-opercular,  from  which  the  proper  ophthalmic  artery  is 
derived,  the  carotids  are  izsuallj  sent  off  from  the  *  circulus 
aoriicus.'    In  the  Chimnera  the  carotids  are  transmitted  directly 
from  the  anterior  branchial  veins;  and,  in  the  Pike,  the  artery  of 
tlie  pectoral  fins  (brachial)  is  transmitted  from  the  common  trunk 
of  the  two  anterior  branchial  veins.    In  the  Myxines  an  anterior, 
as  well  as  a  postenor,  aorta  is  continued  from  die  common  conflu- 
ence of  the  branchial  veins.   In  all  higher  fishes  the  posterior 
aorta  is  the  only  systemic  trunk  so  formed. 

■  XXL  pp.  4l«'67,  75. 
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This  aorta  extends  beneath  the  bodies  of  the  vertebras  along  tk 
abdomen  and  through  the  hamal  canal  to  the  end  of  the  taU.  In 
many  Cyprmoid  fidSes  it  diUtes  beneath  each  abdominal  yertefaia 
into  a  sinus.  It  gives  off  intercostal  arteries^  which  in  msnj 
adult  fishes  become  fewer  in  number  than  iJie  intercostal  apacsB ; 
it  supplies  numerous  small  branches  to  the  kidneys.  In  the 
Syngnathi  the  aorta  grooves  the  kidney  in  its  course^  and  in  Hnt 
Anchovy  sinks  into  the  renal  substance.  The  first  prindptl 
visceral  branch  is  the  'ccdiac;*  which  sometimes,  as  in  the 
Burbot,  is  sent  off  from  the  posterior  part  of  the  'cireolos 
aorticus/  and  in  some  Sharks  by  two  trunks  from  the  same  part. 
The  next  branch  is  a  posterior  mesenteric,  which  varies  in  sin 
according  to  the  extent  of  the  intestinal  canal  supplied  by  the 
cncliac.  Between  these,  in  some  fishes,  the  brachial  arteries  are 
sent  off  from  the  abdominal  aorta:  these  vessels  in  the  lai^c- 
finncd  Torpedoes  and  ChimaM'a3  have  a  partial  investnient  of 
muscular  lil)res,  like  seex>n<lur\  lnill)s,  but  without  any  valvukr 
structure  to  </\\v  effect  in  onward  iiow  to  their  action.* 

In  the  Porbeaijle  Shark  [Ltimna  cornubica)  the  two  coeliac 
arteries  each  si)lit  into  a  bundle  of  small  arterioles,  which  inter- 
lace Willi  a  similar  resolution  of  the  hepatic  veins  to  fonu  a  mixctl 
fasciculate  *  plexus  niirabilis  *  between  the  pericardial  septum  and 
the  liver.  The  arterial  blood  is  collected  ai^ain  into  a  trunk  "1! 
the  outer  side  of  each  plexus;  and  is  distributed  by  the  raniiH- 
cations  oi'  those  trniiks  in  the  ordinary  way  to  the  sUHoach  autl 
intestines.*  The  artei  ial  hranehes  to  llu  spiral  valve  iu  the  Fox 
Shark  arc  remarkable  tor  the  rich  bundles  of  twigs  by  which  they 
distril)utc  the  blood  to  that  produetion.  In  the  Mediterranean 
Tunnies  (  Thj/innis  and  Atu  ia)  the  hranelics  of  the  cjcliaefi-niesen- 
tcrie  artery  sent  to  the  stomaeh,  the  pancreas  and  tlic  intestines 
severally  s])]it  up  into  similar  faseieulate  plexuses,  which  are 
interlaced  with  corresponding  plexuses  of  the  veins  frooi  those 
viscera  j)rior  to  the  formation  of  the  portiil  trunk. 

But  the  most  common  modification  of  the  visceral  vasculir 
system  is  the  sudden  division  and  termination  of  a  branch,  usually 
of  the  gastric  artery,  in  a  small  body  chiefiy  composed  of  the 
cellular  beginnings  of  the  returning  veins,  forming  the  va>o- 
ganglion  so  constant  in  all  higher  Vertebrates,  and  called  the 
*  spleen,'  fig.  276,  n ;  fig.  281>^.  It  is  not  present  in  the  Laneelet: 
and  the  gland-like  bodies  near  the  cardia  in  the  Cyclo&tomes,  ami 
near  the  pylorus  in  the  iiepidosiren,  which  some  have  callevl 
'  spleen/  are  more  like  the  recognised  remnants  of  the  vitellicle  in 
Osseous  Fishes^  where  a  true  spleen  is  actually  present.  The 
>  xcviiL  *  JXL.  p.  S9,  pL  s. 
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yein  of  the  spleen  always  contributes  to  fonn  the  *  vena  portas 
but  it  is  important  to  note  that  it  is  not  essential  to  the  formation 
of  that  vesseL  The  absence  of  the  spleen  in  fishes  is  concomitant 
with  the  absence  of  the  pancreas ;  and  the  increased  size  and 
complexity  of  the  spleen  is  associated  in  some  fishes  with  a  cor- 
responding developement  of  the  pancreas.  Thus  there  is  an 
accessory  spleen  in  the  Sturc^con  ;  and  the  bplecii  id  divided  into 
numerous  distinct  h)bulerf  in  L:iiuiiu,  Selache,  fig.  278,  <f,  and 
some  other  highly  organised  i* hi<^iostome8.  In  most  Osseous 
Fishes  the  spleen  is  appended  by  Its  vessels,  and  a  meso-splenic 
fold  of  peritoneum  to  the  hinder  end  or  bend  of  the  stomach,  or 
to  the  beginning  of  the  intestine:  it  is  of  variable  but  commonly 
triangular  shape ;  ol"  a  deep  red  or  brown-red  colour,  and  soft 
and  spongy  :  the  venous  cells  oi'  which  it  is  cliiefly  oomposed  are 
fHied  with  granular  corpuscles. 

§  86.  Air'blatJdf'r  of  FLshrs. —T\\c  organ  so  denominated  U  found, 
iu  most  Osseous  Fislies,  in  the  form  of  an  elongated  bladder,  tensely 
filled  by  air,  extending  along  the  hack  of  (lie  abdomen,  between  the 
kidneys  and  the  chylopoietic  viscera,  fig.  281,  A,  and  sometimes 
(^Gymnntvs,  fig.  233,  O/diiocephalits,  Coins)  lu  neuth  the  caudal 
vertehraj  to  near  the  end  of  the  tail.  It  is  sometimes  bifurcate  (as 
we  see  it  in  most  Scomheroids  and  Carangoids,'  in  some  species  of 
Diodon,  Tetrodon,  of  Dacti/lopteruSy  Pimehdns^  Prionotus)  ;  seldom 
divided  lengthwise  into  two  bladders  [Arius,  G(i(/ora,  Pobfpfrrnsy 
Lepidosireiiy  fig.  324,  p,  p)'  more  often  divided  crosswise  into 
two  compartments,  which  intercommunicate  by  a  contracted 
orifice  {O/prinidtB^  fig.  229,  p  Characinidce),  or  are  quite 
separate  (Bagrui  Jilammiosus,  Gyninotus  equilabiattis).  In  the 
Siiuroid  genus  PangaHu$  the  air-bladder  is  di%i(led  into  four 
longitudinally  succeeding  portions.  In  the  Trigla  hirundo  the 
swim-bladder  is  notched  anteriorly  by  one  indent,  and  posteriorly 
by  two  indents,  from  which  notches  septa  project  inwards :  some- 
times the  air-bladder  is  divided  partially,  both  lengthwise  and 
crosswise  (  Cohitis  fossilis,  Anchenipterus  furcatuSy  some  species  of 
Pimelodns).  Sometimes  the  bladder  sends  forward  two  blind 
processes  from  its  forepart  {SphynBua  barraeuda,  Trn/la  cuculus, 
Conodon  antiilanus,  some  species  of  Micropoyon  and  Otoliihus)i 
sometimes  from  its  hind  part  {Cantharis  vHlgaris,  I^thrinua 
atlanHciUf  HeHans  imolaius,  some  species  of  SiUago^  McEiiaj  and 
Smaris) ;  sometimes  from  both  ends  {DuUs  maeulatuSj  Pimelipterus 

•  Dr.  Giinthcr  tclla  mo  that  nil  the  species  of  these  families  with  a  short  and 
clevaK.l  lK>dy,  with  ft  short  abdominal  cavitjr,  and  with  strong  first  biemal  and  inter- 
iwmul  »pincs,  have  the  air-bladder  bifurcate  behind,  extendinsbickirvd  between  the 
mneelee  of  the  tail,  to  or  beyond  the  middle  of  Its  length. 


Digitized  by  Google 


492 


ANATOMY  OF  VEBTBBRATES. 


326 


trispinoaa 


altiprnnfsy  LactoriuM  delicatulus),  Corvinn  trisjnnom,  fig.  326,  has 
two  slender  cncal  processes  from  each  side  of  ito  air-bladder;  the 

Bearded  Uinbrina  has  three  such  processes ;  the 
allied  'Maigre'  and  other  spedles  of  Scuauh 
with  most  of  the  Corvma,  have  yery  muneroiis 
lateral  pneumatio  cnca,  which,  as  in  Jbkmmt 
hbahUy  fig.  327,  are  more  or  less  ramified.*  In 
some  species  of  CheiUmemus  and  Gadmf  blind 
processes  are  continued  from  both  the  aides  and 
ends  of  the  air-bladder  (see  the  anterior  ones 
in  Gadus  eaUarioi,  fig.  321,  a,  p).  In  Gadut 
Navavaga  the  lateral  productions  expand,  and 
line  corresponding  expansions  or  excavations  of 
the  abdominal  para|K)physe8,  thus  foreshadow- 
ing the  pneumatic  bones  of  birds.  In  Kurtw  the 
air-bladder  is  encircled  by  expanded  ribs,  curving 
and  meeting  below  it.* 

The  proper  walls  of  the  air-bladder  of  onli- 
narv  Osseons  Fishes  consist  of  a  shininj;  silverv 
fibrous  tunic,  the  fibres  being  arranged  for  the 
most  part  transversely  or  circularly,  and  in  iwv 
layers  fig.  229,  q  r\  tliey  are  contractile  and  elastic;  l)Ut 
the  walls  of"  tlie  antoiior  compartment  of  the   air-bladder  el 

Cyprinoids,  ii).  arc  much  more  clastic  than 
those  of  the  posterior  one.  The  air-bladder 
i^'f^  is  lined  by  a  delicate  mucous  n)ein])raiie,  w  ith  a 
*  plaster  epithelium  ;'  it  is  more  or  less  cuvernl 
by  the  peritoneum.  Its  cavity  is  comnionlv 
simple  ;  in  the  Sheat-fish  it  is  <llvidej  bv  a 
vertical  longitudinal  sej>tum  along  three-fburtlis 
of  its  posterior  part.""*  The  lateral  compart:- 
mcnts  are  subdivided  by  transverse  septa  in 
many  other  Silnroids  (e.  g.  genus  Bagrus)  :  the 
large  air-bladder  of  some  species  of  Erythrims 
(e.  g.  E,  salvuSj  E.  trpniattis)  is  partially  sulxb- 
vided  into  smaller  cells.  The  cellular  subdivi- 
sion is  such  in  the  air-bladder  of  the  Amia,  thj.t 
Cuvier  compared  it  to  the  lung  of  a  reptile  * ; 
Air-Madder, /ata<M*M«ftit  uid  thc  trausitiou  from  the  air  or  swim*bladdir 

'  XXXIX.  i.  p.  y4,  after  Cuvier  and  Valcncionncft,  xxm.  139.    Tbo  mo  a 

complex  form  li  that  described  bj  Guntber  (clxxit,  toL  U.  p.  313)  in  CoBkhA,u 
lucida,  wtu  i  c  I  lie  air-bUidder  forma  a  second  inTcstment  of  the  abdominal  visoeri* 

within  the  |K'iitoncuni. 

♦  cLXAiv.  vol.  ii.  p.  10.    »  cxvi.  vul.  ii.  |i.  33,      6,  tig.  4.    *  xxiv.  vol.  ii.  p.  37 
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to  the  lunp:  completed  in  tlie  I>o|>i*li>>in  ii,  in  wliich  the 
cellular  8iiljdivi8ion  and  multiplication  of  the  \  :ih<  iilar  surface  are 
combined  with  a  complete  bilateral  partition  of  the  bladder  into 
two  elongated  sacs,  with  a  supjdy  of  venous  blood  from  a  true 
pulmonary  artery,  and  with  the  communication  of  the  dnctns 
pneutnaticus,  as  in  the  Polypterus^  with  the  ventral  Burfkce  ui  the 

CeSOJ)harrU8. 

At  tlic  first  introduction  into  the  Aniin;il  Kinp^doni  of  a  true 
lung,  or  air-hreathinn;  nri:;an  comnuinicating  with  the  pharynx  or 
(jcsophagus,  much  variety  of  form  and  structure,  much  inconstancy 
even  as  to  existence,  might  be  expected,  especially  in  that  class  in 
which  the  normal  function  of  the  new  organ  could  be  so  seldom  in 
any  degree  exercised,  and  in  which,  therefore,  different  accessory 
or  snbordinate  offices  predominate  in  such  rudimental  represen- 
tative of  the  pulmonary  organ.  There  is  no  swim-bladder,  for 
example,  in  the  orders  Dermopferi,  Tlolocep/if/ll,  and  Plagio9tomi\ 
it  is  present  in  one  of  the  families  {Gadid(B)  of  the  thoracic  sub- 
order of  AnacaMini,  and  not  in  the  other  family  {Fleuronectidte) ; 
here  we  can  associate  it^  absence  with  the  peculiar  flattened 
form  and  grovelling  habits  of  the  species.  In  like  manner  we  may 
account  for  the  absence  of  the  air-bladder  in  the  Angler  (Zop/«'i/s), 
which  habitually  keep6  the  sea-bottom :  but  the  mechanical  expla- 
nation of  the  absence  or  rudimental  condition  of  the  swim-bladder 
is  not  so  obvious  in  regard  to  the  Acanthopterous  genera  JPereis, 
Pereophisy  EleginuSi  Auxis,  Trachyptents,  and  GymnetruM,  A 
large  and  often  complex  air-bladder  exists  in  most  of  the  Siluroid 
fishes ;  but  the  genera  Loriearia,  Rhmdqns,  and  Hypostoma  are 
exceptions  in  that  family,  having  no  air-bladder.  What  is  more 
inexplicable  is,  that  while  some  species  of  the  same  genus, 
Polynmus  and  Scomber  for  example,  have  a  large  swim-bladder, 
others  want  it,  or  have  it  of  extremely  small  size. 

The  yarialdon  in  respect  to  the  presence  or  absence  of  an  ak- 
dnct  (ductus  pueumaiieus)  is  expressed  in  the  characters  of  the 
orders  in  the  Classification  of  Fishes,  pp.  10 — 12.  The  duct, 
which  is  shown  by  its  place  of  communication  with  the  beginning 
of  the  oesophagus,  and  by  the  rudimental  larynx,  in  Polypterus 
and  Lepidosiren,  fig.  316,  to  be  the  homologne  of  the  trachea 
of  air-breathing  Vertebrates,  is  a  simple  and  delicate  membranous 
tube ;  but  it  presents  consideraUe  Tariation  in  its  length,  diameter, 
and  place  of  communication  with  the  alimentary  tract  In  the 
Herring  the  ductus  pneumaticus  is  produced  from  the  posterior 
attenuated  end  of  the  cardiac  division  of  the  stomach,  fig.  281,  t, 
and  opens  into  the  fusiform  air-bladder  at  the  junction  of  the 
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rouldlc  and  posterior  thirds  of  that  oigan.^  The  long,  narrow, 
and  fiexuous  ductus  pncuinatlcus  is  continued  from  the  forepart 
of  the  posterior  division  of  the  air-bladder  in  the  Cyprinoids,  and 
opens  into  the  dorsal  part  of  the  ceaophagus^  fig.  229»  su :  tibe 
shorty  straighti  and  wide  dactus  pneomaticus,  in  the  Lepidostens, 
opens  also  into  the  dorsal  part  of  the  oesophagus^  the  orifioe  being 
served  by  a  sphincter:  in  the  £rt/(hrintu  the  air-duet  cmnmn* 
nicatcs  with  the  side  of  the  ocsophasrus ;  in  Polifpterus,  as  in 
T^pidosirejiy  with  the  under  or  ventral  part  of  the  beginning  of 
the  (Tsophagus.* 

The  ])rincipal  seat  of  the  vai?riil:ir  rnn^ifir'atinii-  'u\  the  air- 
bhuldor,  like  tliat  in  a  true  lunj;,  i-  tlir  iniicous  linlnLT  membrauo  ! 
but  the  modes  of  ramification  in  the  primitive  piscine  form  of  the 
air-breatliing  organ  are  as  variable  as  any  of  its  other  properties. 
The  arteries  of  the  air-bladder  are  derived  sometimes  directly 
from  the  abdominal  aorta^  sometimes  from  the  cocliac  artery, 
sometimes  £rom  the  last  branchial  vein ;  and  in  the  Lepidosiren 
they  are  continued  from  the  aortic  termination  of  the  two  non- 
ramified  branchial  arteries,  fig.  312,  and  therefore  oonvey 
yenous  blood  to  the  ceUular,  lung-like,  double  air4>ladder.  The 
veins  of  the  air-bladder  return,  in  some  fishes,  to  the  portal  rein ; 
in  some,  to  the  hepatic  vein  ;  in  some,  to  the  great  cardinal  vein  ; 
and,  \\\  I  ho  Lepidosiren,  ib.  they  penetrate,  by  a  common 
trunk,  the  great  post-caval  vein,  ib.  fonned  by  the  ct>nlluonce 
of  the  visceral  and  vertebral  veins  of  the  trunk ;  but  instead  of 
terminating  there,  the  puhnoiiary  venous  trunk  ]>n«scs  forward, 
tlirouirh  the  fslnus  and  auricle,  to  the  entry  iiit(»  the  ventricle,  and 
there  terniinatcH  above  the  valvular  cartilaginous  tubercle.  Thus 
the  aerated  blood  fxom  the  lungs  enters  the  ventricle  directly, 
instead  of  being  previously  mixed  with  the  venous  blood  in  the 
auricle. 

The  vascular  system  of  the  lung-like  air-bladders  of  the 
Protopterous  and  Ganoid  Fishes  forms  no  'retia  mirabilia'  or 
vaso-ganglions,  but  resolves  itself  into  a  generally  difinaed 
reticular  capillary  system,  which  is  much  richer  and  doser  in 
the  more  subdivided  and  thicker  cellular  structure  of  the  anterior 
than  of  the  posterior  parts  of  the  bladders  in  the  Lepidosiren. 

In  the  Osscons  Fishes  the  principal  forms  of  tlie  terMiinal 
divisions  of  the  arteries  of  the  air-bladder  are  as  follows:  -1.  A 
resolution  of  the  smaller  ramifications  into  fan-like  tufti*  of 
eapdlarics  over  almost  every  part  of  the  inner  surface  (Carp), 
2.  The  formation  of  similar,  but  larger  and  more  localised, 
>  cziv,  vol. ».  pi.  Tin.  fig.  1.  t  joa,  1B41,  p.  194. 
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riuliating  tufts  (Pike);  in  both  witlK^ut  any  ppcrlal  ao;2:rcgation 
of  the  capillaries  to  form  a  '  vaso-guiiL^lioii/  3.  '^Plie  convcislon 
of  the  tufts  by  rapitl  subdivision  into  i'a]»ilhirles  aggregated  so  as 
to  form  red  ghmd-likc  bodies;  the  capillaries  reuniting  into  larger 
vessels,  which  afjain  ramlfv  richly  round  the  border  of  the  irland- 
like  body;  the  rest  of  tlie  inner  surface  of  the  air-l)ladder  having 
the  ordinary  simph^  capillary  system  (Perch  and  Cod).  In  the 
Cod-fish,  a  large  artery,  a  branch  of  the  cceliac,  and  a  still  larger 
vein,  which  empties  itself  into  the  mesenteric,  perforate  together 
the  fibrous  tunic  of  the  swim-bladder.  Before  thev  reach  the 
inner  surface,  they  divide  into  some  branches,  which  then  radiate 
and  subdivide  upon  the  mucous  membrane :  the  arterioles 
frequently  anastomose  together,  and  the  venules  as  frequently 
anastomose  with  each  other:  both  arc  inextricably  interwoven, 
and  form  the  basis  of  the  so-called  'air-ghmd,'  which  is  essentially 
a  hirge  '  bipolar  rcte  mirabile,'  or  Taso-ganglion.  The  ultimate 
yessels  of  this  body  form  loops,  32g 
where  the  arteries  return  into 
yeinSy  fig.  328,  and  these  loops 
are  covered  by  a  layer  of  vessels 
and  epithelium,  a,  a.  This  organ, 
however,  is  further  composed  of 
a  number  of  peculiarly  arranged, 
elongated  corpusdes,  which  de- 
pend in  two  rows  firom  each 
vascular  branch,  and  are  bound 
together  by  a  loose  cellular 
tissue :  the  corpuscles  are  beset 
with  fine  villifisnn  processes*  8np«Hi«taiaiidkK>pMvottK.irt..fthova8o«utgiiaa 
The  blood  returns  from  the  vaso- 

ganglions  by  small  vdns  which  rarely  accompany,  more  commonly 
cross,  the  arteries.  4.  The  two  chief  'retia  ndrabilia,*  or  vaso- 
ganglions,  in  the  air-bladder  of  the  Eel  and  Conger,  which  are 
situated  at  the  udes  of  the  opening  of  the  ur-duct,  are  also 
*  bipolar,'  and  consbt  of  both  arterioles  and  venules :  they  oonrist 
of  straight  parallel  capillaries,  as  in  fig.  329 :  their  efferent  trunks 
do  not  ramify  in  the  immediate  margin  of  the  vaso-ganglion  from 
which  they  issue,  as  in  the  vaso-ganglions  of  the  Cod,  Burbot, 
Acerine,  and  Perch,  but  run  for  some  distance  before  they 
again  branch  to  form  the  common  capillary  system  of  the  lining 
membrane  of  the  air-bladder. 

Bathk^^  failed  to  detect  the  opening  of  the  air-duct  with  the 

*  CXI.  'Ueber  die  Scbwimm-blMe  einiger  Fische,*  p.  9S. 
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a?so])hagu8  in  the  Eel ;  but  De  la  Boche  bad  well  described  tb 
oblique  a])crture,'  and  accurately  cites  the  whole  family  of  th^ 
£ela  as  fishes  having  both  the  so-called  *  air-gland '  and  the 
pneumatic  duct.  It  had  been  BupjK>8ed  that  the  yaacular  'air* 
gland  *  was  present  only  in  those  fishes  which  could  not  derive 
die  gaseous  contents  of  their  swim-bladder  from  without;  and 
unquestionably  in  those  fishes  which  hare  the  shortest  and 
widest  ducts  (Stiir;^eun,  Amia,  Erytliriuus,  Lopldo^tciK-^,  I.opidfv 
eiren,  Puly]»toru6)  the  supposed  air- secret inu  vaso-«ran£rHon9  are 
not  developed.     Since  Professor  .Magnus  has  tleuriiuned  the 

existence  of  free  carbonic 
acid  gas,  of  oxygen,  and  of 
azote  in  the  blood,  and  dis- 
solved in  different  propor- 
tions in  tlie  venous  and  the 
iwtoiT«aMi««(thc  v:i».hgKid I.  n  of tiMairiiiidder.  arterial  blood>  it  may  be 
»eL  ccLxwiL  readily  concdved  that  the 

venules  of  the  yaso-ganglions  may  withdraw  carbonic  add  gas 
from  the  arterioles,  and  tihat  tbese  may  reach  the  inner  surface  of 

the  air-bladder  richer  in  oxyiren  and  poorer  in  carbonic  acid  tban 
when  they  penetrated  the  vaso-cranglions.* 

The  alr-diict  may  allow  the  gas  to  escapt*  uiidor  certain  circum- 
stances j  and  the  small  size  and  obliquity  of  its  orifice  In  many 
Osseous  Fishes  (Carp,  Eel)  seem  only  to  adapt  it  to  act  as 
safety-valve  against  sudden  expansion  of  the  gas  when  the  fi&h 
rises  to  the  surface : '  but  in  the  higher  organised  species  above- 
cited^  with  short  and  wide  air-ducts^  these  niay>  likewise,  conyey 
air  to  the  bladder. 

The  contents  of  the  ur-bladder  consist,  in  most  fireslhwater- 
fisheSy  of  nitrogeuy  and  a  very  small  quantity  of  oxygen,  with  a 
trace  of  carbonic  acid  gas :  but  in  the  air-bladder  of  seiufiahes, 
and  especially  of  those  which  frequent  great  depths^  oxygen 
predominates/ 

In  the  genera  Auchenipterus^  Si/mxhin^  Mahiptvruriis,  and  sonie 
other  Siluroids,  the  axis  vertebra  sends  out  on  each  side  a  blender 

»  cxxu   TV  o  n     -  XXI.  1S41.P  08.    See  also  Dr.  J.  Davy,  in  PhiL  Truis,  18.18. 

■  Nciihcr  the  air-duct  nor  tlio  elastic  ity  of  tho  fnr-bladdcr  are  equal  to  pi'CTeni  the 
consequences  of  a  too  rnpid  removal  from  the  cnorinuus  pressure  which  fishes  sustain 
at  great  dcpthi  in  the  sea;  tbo«e  thtt  an  drawn  up  quickly  by  the  hook  are  often 
foaiid  to  hkft  the  air-bladder  raptured,  and  BomettniM  the  itoinaieb  is  protnkded  ften 
the  mouth  by  the  pressure  of  the  suddenly  extricated  and  expanded  gat. 

*  Humlwldt  foun<l  the  gas  in  the  air-bladder  of  l!ic  clcciric  G yrnnotus  to  consist  of 
96^  of  nitrogen  ami  4*^  of  oxygen.  Biot  found  S?*^  of  oxy^'i  ri  in  jome  of  :h<?  dccf- 
sea  Mediterranean  lishca,  the  rest  nitrogen,  with  a  trace  of  carbonic  acid.  Zlo  hydro- 
gen has  erer  been  detected  in  tho  air-bladdeis  of  iithes. 
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process*  which  expands  at  its  end  into  a  large  round  plate :  l^s  is 
ap{>lied  to  the  side  of  the  ur-bladder,  and  can  be  made  to  press 
upon  it,  and  expel  the  air  through  the  duct  by  the  action  of  a 
small  muscle  arising  from  the  skull.  In  some  species  of  Gadus 
muscular  fibres  extend  from  the  vertebral  column  upon  the  air- 
bladder.  The  nerves  of  the  air-bladder  are  derived  from  the  vajms 
after  it  bns  received  organic  fibres  from  the  sym])athetic,  fig.  229,  t. 

Viewing  the  general  modifications  and  relations  of  the  air- 
bladder  throughout  the  class  of  f^ishes,  we  cannot  but  discern  and 
admit,  notwithstanding  some  seeming  capricious  varieties,  that  its 
chief  and  most  general  function  is  a  mechanical  one,  serving  to 
regulate  the  specific  gravity  of  the  fish,  to  aid  it  in  maintaining  a 
particular  level  in  its  element,  and  in  rising  or  sinking  as  occsr- 
eion  may  serre.  The  general  law  of  its  absence  in  the  parantic  and 
suctorial  Dermopteriy  and  in  all  ground^fishes,  as  the  HeuronecHdm 
and  Kay-tribe,  supports  the  above  conclusion.  Borelli'  found 
that  those  fishes  wliose  air-bladders  were  burst  sank  to  the  bottom 
and  were  unable  to  rise.  Nor  does  the  absence  of  the  air-bladder 
in  the  surface-swimming  Sharks  militate  against  this  view  of  its 
physical  function:  for  thouirh  the  air-bladder  serves,  it  also 
enslaves.  It  opposes,  for  example,  those  Fiishcs  that  possess  it  in 
their  endeavours  to  turn  on  one  side,  and  it  demands  a  constant 
action  of  the  balancing  fins  to  prevent  that  complete  upsetting  of 
the  body  which  it  occasions  from  the  weight  of  the  superimposed 
vertebral  colunm  and  muscles  when  life  and  action  are  extinct. 
The  Sharks  require,  by  the  position  of  their  mouth  and  in  their 
common  pursuit  of  living  prey,  freedom  in  turning  and  great 
variety  as  well  as  power  of  locomotion :  if  they  are  not  aided 
by  a  swimrbladder,  neither  are  their  muscular  exertions  im])eded 
by  one;  whilst  their  swimming  ortraiis  acquire  that  degree  of 
dcvclopemcnt  ntul  ioi  ce  wliich  sulhces  ior  all  the  evolutions  they 
arc  culled  upon  to  perform.  With  rc^'ard  to  the  accessorv  offices 
of  the  air-bladder  in  relatior»  to  the  sense  of  hearing,  the  chief  of 
tiiese  remarkable  modifications  by  which  it  is  brought  into  com- 
munication with  the  acoustic  labyrinth  have  been  already  described, 
p.  344.  In  a  few  genera  (  Trigla ),  the  air-bladder  and  its  duct 
are  subservient  to  the  production  of  sounds. 

Under  all  its  diversities  of  structure  and  function  the  homology 
of  the  swim-bladder  with  the  lungs  is  clearly  traceable ;  and 
finally,  in  those  orders  of  Fishes  which  lead  more  directly  to  the 
Beptilia,  as,  for  example,  the  sahunandroid  GanoHei  and  Proioptert, 
those  further  modifications  are  superinduced  upon  the  air-bladder, 

'  cxxxi.  cap.  23. 
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by  which  it  bccrmirs  also  analogous  in  function  to  the  lunga  of 
tlic  air-breathing  Ampliiljia. 

The  J.cjndosiren  annectens^  iiihahits  a  part  ui  the  river  Gauib  a, 
which  in  the  rainy  season  oveiilows  extensive  tracts,  that  ore 
again  left  dry  in  the  dry  season.  Those  which  do  not  follow  t  le 
retroatiii*^  waters  cseape  from  the  scorching  rays  of  the  AfVie.m 
piin  by  burrowing  in  tho  mud,  which  is  soon  baked  liard  ab«ue 
them :  but  they  maintain  a  communication  with  the  air  by  a 
small  aiu  rture,  and,  coiling  tliemselves  u])  in  their  cuul  chamber, 
cloiiic  t li<  iiiselves  by  a  layer  of  thick  mueuus  secretion,  ami 
await,  in  a  torpid  state,  the  return  of  the  rains  and  the  ovtr- 
fiowing  of  the  mud-banks.  The  advent  of  tlieir  j)roper  clenuMit 
wakes  them  into  activity:  they  then  emeiiXL  from  the  softcui^d 
mud,  swim  briskly  about,  feed  voraeiously,  and  propj^jrate. 

The  peculiar  modifications  of  the  gills  and  air-l)laddcr  of  t\e 
Lepidosiren  are  prorisoly  tliose  whleh  adapt  tlicm  to  the  peculiar 
conditions  of  their  existence.  In  the  inactive  state  into  which 
they  are  thrown  by  their  false  position  as  terrestrial  animals,  the 
circulation,  which  would  have  been  liable  to  be  stopj^ed  had  all 
the  branchial  arteries  developed  gills,  as  in  normal  fishes,  is 
carried  on  through  the  two  persistent  primitive  vascular  channels, 
fig.  312,  2  and  i.  "VVTiatever  amount  of  respiration  was  requisite 
to  maintain  life  during  the  dry  months  is  effected  in  the  pulmonary 
air-bladders ;  its  short  and  wide  duct  or  trachea,  the  oesophageal 
orifice  of  which  is  kept  open  by  a  laryngeal  cartilage,  fig.  316,/, 
introduces  the  air  directly  into  the  bladders:  the  blood  trari-Tiiltied 
through  the  branchial  arohes  to  the  pulmonary  arteries,  fig.  312,  f, 
is  distributed  by  their  ramificadons  over  the  cellular  surface  of 
the  air-bladders^  and  l&  returned  arterialised  by  the  puknonaiy 
veins,  ib.  p,  p\  A  mixed  venous  and  arterial  blood  is  thence 
distributed  to  the  system,  and  again  to  the  air-bladders.  Tme 
arterial  blood  exists  only  in  the  pulmonary  y&xiB,  and  unmixed 
▼enous  blood  only  in  the  system  of  the  \easB  cayie ;  whence  the 
neoesBity,  a]>parently9  for  that  peculiar  arrangement  by  which  the 
arterial  blood  is  conveyed  directly  to  the  yentricle  by  the  puU 
monary  vein.  lYhen  the  Lepidosiren  resiunes  its  true  pontion  as 
a  fish,  the  branchial  circulation  is  vigorously  resumed,  a  larger 
proportion  of  arterialised  blood  enters  the  aorta,  and  both  the 
nervous  and  muscular  systems  receive  the  additional  stimulus  and 
support  requisite  for  the  maintenance  of  their  energetic  actions. 

Anatomists  and  physiologists  have  expressed  different  views  as 
to  the  homologies  and  analogies  of  the  respiratory  organs  of 

*  xxxin. 
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fishes.    Iiuked  the  essential  distinction  of  those  relations  has 
peldom  been  clearly  kept  in  view.    When  we  read  in  the 
latest  edition  of  the  Comparative  Anatomy  of  Ciivier :   *  the 
gills  are  the  lungs  of  animals  absolutely  aquatic ; ' '  and,  with 
regard  to  the  cartilaginous  or  osseous  sup])iirt8  of  the  gills, 
*  they  are  in  our  opinion,  to  the  gills  of  fisiies,  what  the  carti- 
lagiuous  or  osseous  tracheal  rings  are  to  the  lungs  of  the  three 
superior  classes:**  we  are  left  in  doubt  whether  it  is  meant 
that  the  gills  and  their  Tneehanieal  supports  merely  perform  the 
same  function  in  Fisln  s  wiiich  the  lungs  and  windjiipe  do  in 
Mammals,  or  wlu  tlx  r  tlicy  are  not  also  actually  the  same  parts 
differently  moditied  in  relation  to  the  different  respiratory  media 
of  the  two  classes.    Geoffrey  Sr.  TTilaire  leaves  no  doubt  as  to 
his  nieanins"  where  he  ar^xucs  that  the  liranchial  arches  of  fishes 
arc  the  modified  tracheal  rings  of  the  air-breathing  classes;  we 
perceive  that  he  is  enunciating  his  belief  in  a  relation  of  homo- 
logy.    The  truth  of  liis  proposition  will  be  best  tested  by  first 
considering  the  homologies  of  the  air-bladder  of  fishes.    In  the 
Lepidosiren  the  notochord,  the  parapophyscs,  the  attachment  of 
the  scapulas  to  the  occiput,  the  branchiostegal  covering  of  the 
permanent  gills,  the  opercular  bones,  the  presence  of  a  spiral  in- 
testinal valve,  the  relative  position  of  the  anus,  the  extra-oral 
nasal  sacs,  the  scaly  integuments,  the  mucous  tubes  on  the  head, 
the  '  lateral  Une,^  in  short,  the  totality  of  the  organisation  of 
the  Lepidosiren,  exemplify  its  fundamental  ichthyic  nature.  It 
is  extremely  interesting  to  find  the  Ganoid  Polypterm,  which 
of  all  osseous  fishes  most  closely  resembles  the  Lepidosiren  in  its 
spiral  intestinal  valve,  in  the  bipartition  of  the  long  air-bladder, 
the  origin  of  the  arteries  of  that  part,  and  the  place  and  laryngeal 
mode  of  oommiinication  of  the  short  and  wide  air-duct  or  wind- 
pipe, also  presenting  the  closest  agreement  with  the  Lepidosiren 
in  the  important  character  of  the  form  of  tlie  brain.    The  common 
objection  to  the  view  of  the  air-bladder  of  fishes  being  the  rudi- 
mental  homologue  of  the  lungs  of  air-breathing  Vertebrates  has 
been,  that  the  artery  of  the  air-bladder  carries  arterial  blood,  that 
of  the  lungs  Tenons  blood.   But  in  the  Polyptems  an  d  Lc  j  ido- 
siren,  in  reference  to  this  obamcter,  the  arteries  of  air-bladders 
are  derived  ixom  the  returning  dorsal  portions  of  the  branchial 
vascular  arches  before  their  union  to  form  the  aorta.   In  the 

'  *Lc8  brancbics  soDt  les  poumons  ties  animaux  absolumeut  aquatiques.'  (xiii. 
t  Tit.  p.  164.) 

*  '  EIIoi  sonC,  &  Botro  avis,  mix  branehlei  dM  polssons,  ce  quo  les  cerccadz  ourti- 
lagmcnx  on  osacnx  dea  toIm  a^rieniiM  fOol  tux  poamona  des  tro»  dama  sap6- 

rieare«.'   (lb.  pb  177.) 
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Polyptenxfl  the  artery  of  each  airHsac  is  formed  hj  the  umon  of 
the  efferent  veflselB  of  the  kst  gOl:  the  blood  is,  therefore, 
arterialiaed  before  entering  the  artery  of  ihe  ur^«ae.  In  the 
Lepidonren»  by  reason  of  &e  non-developement  of  giUa  on  two 
of  the  branchial  arches,  the  blood  transmitted  to  ihe  aii^«ae  is 
venoiis.  But  this  difference  reUtes  only  to  the  presence  or 
absence  of  a  particular  developement  of  the  branchial  Taaciilar 
arches^firom  which  the  air-bladders  of  the  two  species  are  aapplied 
with  blood :  it  is  a  difference  which  modifies  the  function  without 
at  all  changing  the  essential  nature  of  the  air-bladders  themselyes : 
the  relative  position  of  these  yascular  sacs,  their  form  and  size, 
their  mode  of  communication  with  the  cssophagus, — in  short, 
every  character  by  which  relations  of  homology  are  determined, 
— are  the  same  in  botii  Polypterus  and  Lepidoeiren.^  The  lungs 
of  the  Lepidosiren  being,  then,  unequiyocally  the  homolognea  of 
the  fur-bladder  of  the  Polypterus,  it  follows  that  they  must  be 
homologous  with  the  air-bladders  of  other  fishes,  whatever  be  the 
modifications  of  form  or  function  of  such  air-bladders*  Between 
the  completely  divided  air-bladder  of  the  Polypterus  and  the  un- 
divided air-bladder  of  the  Lepidosteus  there  are  numerous  degrees 
of  bifurcation  in  the  series  of  fishes :  it  is  to  the  undivHed  state 
of  the  air-bladder  in  iJie  Lej^dosteus  that  its  more  strictly  dorsal 
position,  and  its  communication  witii  that  aspect  of  the  oesophagus, 
are  due :  these  modifications,  however,  do  not  affect  its  relation 
of  homology  with  the  divided  air-bladder  of  the  allied  genus 
Polypterus,  any  more  than  with  the  divided  air-bladders  of  the 
Cohitis  harhatula  or  Arius  gagora,  in  whicli  tlie  divisions  are  con- 
fined to  the  fore  part  of  the  abdomen,  and  are  inclosed  in  osseous 
cups  developed  from  anterior  tiuiik-vertebra}.  Tbus,  the  series 
of  transitions  traceable  in  the  air-bladders  of  fishes  proves  those 
of  tbe  Lei)ldo«ircn  to  be  the  homologous  orfjans ;  whilst  ilie 
develo])cnieut,  relative  position,  and  connection  of  the  lungs  of 
the  BiUracliia  equally  prove  tho^e  luniks  to  be  the  homologues  of 
the  air-l)laclders  of  the  Lepidosiren.  Consequently,  the  air- 
bladder  of  the  Fish  is  liumologous  with  the  lungs  of  the  Batrachian 
and  of  all  air-breathing  Vertebrates;  iilthough  the  air-bladder  of 
the  fish  does  not  perform  the  function  of  a  lung,  but  is  analo- 
gous to  the  nir-chanibers  in  the  Nautilus  shell. 

§  87.  Jiloiiil  of  Reptiles. — The  blood  of  Eeptiles  has  red  cca- 
pusclesof  a  flattened  sub-biconvex  ellij)tical  shape;  proportionally 
smallest  in  Oj)htdia,  roundest  in  Chelonia,  and  largest  in  Batrachia : 

>  Compftte  xxziiL  pi.  xxvil  ligi.  s  and  4,  with  zxv.  pL  ii  figi.  5  and  0,  lad  fig.  54, 
nini.  p.  1S2,  with  XXV.  pi.  U.  fig.  7. 
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in  these  the  size  is  greater  in  the  ratio  of  tlie  persistence  of  the 
brancliial  apparatus;  and  the  pereniiil)ianehiate8  present  the 
biggest  blood-discs  absolutely,  as  weiJ  a*  in  proportion  to  the  size 
of  the  body,  of  all  vertebrate  animals.  The  two  extremes  in  the 
relative  size  of  the  blood-discs  in  pulmonated  Ilctmatocjya  are 
bliuwii  in  those  of  a  Crocodile,  which  was  twenty  feet  in  lencrth, 
p.  4,  fig.  8,  e,  and  in  tliose  of  a  Siren  lacertina,  which  was  two 
feet  in  length,  ib.  /.  The  latter,  which  are  just  visible  to  tlie 
naked  eye,  serve  to  demonstrate  the  highly  refractive  divisions  of 
the  nucleus,  and  the  nuclear  cajisulcJ 

There  is  less  blood  in  cold-blooded  than  in  warm-blooded 
animals,  and  more  blood  in  some  fishes,  the  Tunny,  e.  g,,  than  in 
any  reptile.  Dr.  Joseph  Jones  ^  estimates  the  average  quantity 
of  blood  to  be :  — 

In  Serpents      .      .  .  ^  to  ^  of  the  weight  of  Uw  body. 

Emj/s  terrapin       ,  .  j!j  to  ^  „  „ 

Em0»  Mmato      •  •  is  ^  ^         »»  » 

Tertudo  pdjfphmm  •  i^4t         n  h 

Blood  drawn  fiom  a  liying  Batrachian  is  of  a  purplish  red 
colour,  and  coagulates  into  a  clot  including  the  discg,  floating  in 
clear  serum.  The  clot  is  firmer  than  that  of  fishes,  but  less  firm 
than  in  allantoic  reptiles;  in  a  few  hours  the  clot  dissolves  and 
liberates  the  discs.  In  the  recently  drawn  blood  of  Chelonia 
most  of  the  discs  settle  at  the  bottom  of  the  vessel,  and  are  not 
included  in  tlie  clear  clot  which  forms  above  them.  The  fibrin  in 
this  clot  speedily  passes  into  albumen.  The  colour  of  the  scrum 
in  most  reptiles,  e.  g.  Batrachin.,  Ophidia,  Crucodiliir.  uiid  some 
Chelonitt  (^Testudo  poh/phemm),  is  a  li«rht  yellow:  in  many  carni- 
vorous Chelonia  (^£m^s  serratUf  2£.  reticulata^  K.  terrfrpiji),  it  is  of 
a  golden  colour.  When  treated  with  a  drop  of  sul]>hui  ic  acid, 
and  gently  heated,  the  peculiar  smell  of  the  species,  due,  e.  g.  in 
the  Alligator,  to  the  musk-glands,  and  in  the  liattlesnake  to  the 
anal  glands,  is  plainly  developed. 

The  blood  of  Ophidia  contains  the  greatest  proportion  of  solid 
constituents,  in  the  cold-blooded  Vertebrates.' 

§  88.  Vein^i  of  Reptiles. — The  capillary  bloofl-vessels  having  a 
calibre  proportionate  to  the  diameter  of  the  blood-discs  which 
flow  alonor  them  in  single  file,  are  largest  in  the  BntracMa,  in 
which  ckbs  the  best  examples  are  afibrded  for  demonstrating  to 

'  ccLxxni.  and  ccLxxiv.         '  ccxlv. 

'  Dr.  Joseph  Jones,  from  whose  excellent  and  origioal  work  fccxT.v. )  most  of  the 
abOTe  particulars  are  taken,  suggests  ihat  the  richness  of  the  ophidian  blood  may  be 
due  to  the  fiwl  of  Mipenti  NMom,  if  over,  drinking.  Tbe  conpantivelj  nnimportint 
detwli  of  the  diemeten  of  reptilieii  Uood-diics  nuy  be  aeen  in  octttw.  tome  L 
p.  89. 
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OapUlarlM  with  blood-discs  of  the  web  ol  Uie  foot. 
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tlie  eye  the  curanlatory  mo^aa  of  tiie  blood,  flowing  oonstaiiily 
firam  the  arteries  to  the  TeiBe,  aa  'eeen,  e.g.  hj  transnatted  light 

in  a  membranons  part  of 
the  fiogf a  or  newt'a  atroo- 
tore,  under  the  miero- 
Mope,  fig.  380. 

The  Yenona  ayateni  of 
Batraohians  reaemblea  that 
of  Fiahea  in  the  degree  in 
which  the  apedea  retain 
the  padne  oharaeter.  The 
caTdinal  Toina,  eaaentiaUj 
those  which  return  the 
blood  firom  the  oaaeooa  and 
muscular  segmenta  of  the 
trunk,  are  largest  in  the 
Perennibranchs,  and  de- 
crease, as  the  hind-limb? 
acquire  more  size  and 
power,  in  the  NewtB  and 
Land -Salamanders,  until, 
in  the  tail-les.s  and  long- 
IctriJ^ed  Frogs  and  Toad?, 
the  primitive  venous  tnmk 
of  the  body  is  reduced 
to  the  condition  of  the 
*azygos'  vein  in  Manimal-. 
and  the  jjroat  bulk  of  tlio 
blood  is  ijubinittcd  to  the 
influence  of  the  kidney* 
and  liver  before  it  is  re- 
turned to  the  heart. 

In  the  Frog,  fig.  331 ,  the 
blood  beinc  collected  from 
each  hind-limb  into  an  is- 
chiadic and  iliac  vein,  thes-e 
unite  into  a  common  iliac 
yein,  which  divides.  One 
branch  joins  that  of  tht 
opposite  iliac,  and  receives 
the  vein  of  the  great  allan- 
toic bladder^  to  form  the 
*  umbilical  vein/  fig.  ddl, «:  the  other  branchy      goea  to  the 


Olmdaifmi  fa  Ike  Froff.  oeurn. 
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kidney  of  its  own  side.  It  inclines  to  the  outer  border  of  the 
gland,  and  divides  into  two  branches,  which  raiiuiy  in  the  renal 
tissue.  The  vein  of  the  genital  glands  and  conduits,  ;iiul  a  vein 
from  the  lumbo-dorsal  segments,  also  enter  and  raniily  in  the 
kidneys.  The  blood  of  this  *  reui-purtal '  system  is  collected  into 
a  sinus  at  tlic  inner  border  of  each  gland,  and  is  conveyed 
by  tlic  \  cin,  k,  into  the  postcaval  trunk,  v.  The  umbilical  vein 
ascends  along  the  ventral  aspect  of  the  abdomen,  attached  to  the 
mid-line  of  the  muscular  walls  of  the  cavity  :  as  it  apj)roachc8 
the  liver  it  sends  branches  which  penetrate  directly  the  hepatic 
tissue,  and  a  branch  which  receives  the  veins  of  tlie  intestines, 
spleen,  and  stomach;  but,  before  completing  the  portal  system,  l, 
it  sends  a  small  vein  directly  to  the  j)Ostcaval,  near  the  auricle. 
The  hepatic  vein,  /,  joins  the  ]>f)stcaval  trunk,  v.  The  blood 
iVuiii  the  head  and  forc-linil)ci  \n  collected  into  a  right  and  left 
jugular  and  axillary  trunk,  which  unite  to  form  a  preoaval  vein, 
o,  on  each  side.  Tlie  postcaval  vein,  in  the  Perennibranch«.  after 
receiving  the  renal  veins,  is  suspended  by  a  duplicature  of  peri- 
toneum to  the  back  of  the  abdonu  n,  tlie  fold  bein<j;  coTitiTined 
from  tlie  vein  to  the  mesentery  :  it  enterii  a  groove  or  canal  in  tlie 
liver,  and  receives  the  hepatic  veins  and  the  left  prccaval,  before 
t i  iiiiinating  in  the  auricular  sinus.  There  are  a  few  valves  in 
the  venous  trunks  of  Batrachia ;  but  their  chief  characteristic  is 
tlie  j)resence  of  '  striped  fibre  '  in  the  muscular  coat.*  This  is 
associated  with  the  faculty  of  rhythmical  pulsation  in  the  post- 
caval, axillary,  and  iliac  trunks,  independently  of  the  pulsations 
of  the  heart,'  The  abdominal  venona  trunks  traverse  wide  lymph- 
reservdfs;  and  their  exterior  is  here  and  there  rongkened  by 
little  vascular  loops,  floating  in  tke  lymph^  but  ootnmunicating 
exclusively  with  the  mother-vein,* 

In  Ophidia  the  cutaneous  veins  of  the  trunk  and  intercostal 
veins  oooununicate  with  a  large  abdominal  vein  which  runs  along 
the  under  part  of  the  abdominal  walls,  and  answers  to  the  umbi- 
lical vein  in  Matrachia.  The  caudal  vein  bifurcates  on  entering 
the  abdomen,  each  division  af^ter  receiving  blocxl  from  the  genital 
ducts  and  oontlgnous  intestine^  attaches  itself  to  the  kidney^  and 
ramifies  upon  its  several  overlapping  lobes:  the  efferent  renal 
veins  unite  to  form  a  trunk,  which,  on  emeiging  from  the  inner 
and  fore^Mrt  of  the  kidney,  joins  its  fellow  to  form  the  postcaval 
vein.  The  veins  of  the  intestmal  canal,  genital  glands,  and  fatty 
appendages,  which  have  not  contributed  to  the  reni-portal  system, 
unite  with  those  of  the  pancreas  and  spleen  to  fonn  the  hepato- 
■  OGLaccrn.  *  oouuc  *  oolzzvii. 
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portal  vein:  this  dilates  and  defloribes  a  Bpinl  ourve  on  entering 
the  liver,  and  has  a  valvular  strudture  ensunDg  the  onward  flow 
of  blood  to  the  elongated  gland,  during  the  compreesion  exercised 
in  the  oootortionB  of  the  Snake.   The  hepatic  rmDs  enter  the 

poBtoava^  and  this  large  trank 
terminates  in  the  hind  end  of 
the  long  auricolar  sinus. 

The  blood  from  the  head  and 
fore-part  of  the  body  is  re- 
tomed  to  the  fore-part  <^the 
sinns  by  a  jugular  vdn  and  an 
inferior  azygos  vein,  each  of 
which  has  a  pair  of  valves  at 
its  terminalaon :  and  by  a  su- 
perior azygoB  vein,  which  has 
three  valves  at  its  termination: 
there  is  a  fourth  vein,  answer- 
ing to  the  left  precaval,  which 
passes  behind  the  left  auricle 
to  terminate  in  the  right  sinu? 
auriculae  near  the  postcaval 
orifice :  it  receives  the  coronary 
vein  before  its  tcnnination. 

In  Lacertians  the  bhxKl 
from  the  hind  limbs  is  partly 
conveyed  by  a  reni-portal 
vein,  fig.  332,  K,  to  the  kid- 
neys, and  partly  by  a  trunk, 
which  communicates  with  tlie 
caudal  vein  to  an  umbilicxil 
or  sub-abdominal  vein,L:  this, 
as  it  advances,  collects  blcMxi 
from  the  ventral  walls  of  the 
trunk,  and  receives  a  recur- 
rent thoracic  vein :  it  then 
communicates  with  the  trunk 
of  the  ga^?tro-intestinal,  pan- 

ClrculallonlnaLl7-iM./.c.crr(..0c*i/«ia).  ccucvu.         crCatic,     aud     Splcuic  VCiuS, 

to  form  the  great  portal  vein  which  penetrates  the  liver.  The 
renal  veins,  k,  unite  to  form  the  postcaval,  v,  which  afterwards 
receives  the  hepatic  veins,  and  proceeds  to  the  auricular  sinus. 
A  small  cardinal  or  azygos  vein,  returning  part  of  the  blood 
from  the  tail,  advances  along  the  back  part  of  the  abdominal 
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Cavity,  reccivinf!^  the  se<^ental  or  vertebral  veins,  and  tovminntes 
in  the  left  precavai  vein.  The  jugular  and  the  axillary  trunks 
unite  to  form  a  precavai  vein,  fig.  3329  v**  side^  the  left  of 

which  as  usual  pasaea  behind  the  auricles  to  the  postcaral  orifice 
of  the  sinus. 

In  the  Chelonia  the  blood  firom  the  tail  and  hind  Umbs  is 
couTeyed  along  the  plastron  by  a  paur  of  'umbilieal'  or  sub- 
abdominal  trunks,  which  receive  the  veins  of  the  large  allantoic 
bladders,  and  the  meseraic  veins,  to  form  tlie  great  portal  trunk. 
A  small  derivative  branch  from  the  posterior  part  of  each  umbi- 
lical communicates  willi  lunibo-dorsal  vertebral  veins,  and  with 
some  veins  from  the  genital  organs  to  form  the  reni-portal  veins. 
The  renal  veios  imite  with  the  ovarian  or  testicular  veins  to  form 
the  postcaval,  which  traveri^e*^  the  liver  and  receives  there  the 
hepatic  veins :  the  wide  and  short  trunk,  fig.  336,  v,  then  termi- 
nates in  the  auricular  sinus.  The  blood  is  returned  from  the 
head  and  fore-limbs  by  the  jugulars,  figs.  302  and  304,  i,t,  and 
from  the  axillary  yeins,  ib.  h,  h,  Each  axillary  unites  with  the 
juguhir  of  its  own  side  to  form  a  precavai  vein :  the  right  and  left 
precavals  enter  separately  the  auricular  sinus,  the  left  precavai 
opening  near  the  postcavaL  vein. 

In  &e  Crocodile,  the  caudal  vein,  on  entering  the  abdomen, 
divides  into  two  trunks;  each  unites  with  the  ischial  and  iliac 
veins  of  its  own  side  and  advances  towards  the  kidney.  Here 
the  trunk  sends  off  a  reni-portal  vein,  and  is  then  continued 
towards  the  hepato-portal  system.  The  renal  veins  from  the  inner 
side  of  the  kidneys  unite  to  iomi  the  postcaval,  fig.  339,  v, 
which  receives  the  left  precavai,  fig.  340,  v**,  at  its  entry  into  the 
auricular  sinus,  ib.  s :  the  hepatic  veins  open  separately  into  the 
contiguous  end  of  the  sinus,  fig.  339,  B*  The  blood  from  the  head 
and  forelimbs  is  conveyed  to  the  heart,  as  in  other  Beptiles,  by  a 
pair  of  precaTals,  of  which  the  right,  ib.  v,  terminates  in  the  fore- 
part of  the  sinus,  and  the  left  traverses  the  hBck  part  of  the  heart, 
receiving  the  coronary  veins,  to  join  the  postcaval  or  to  terminate 
near  its  auricular  orifice. 

§  89.  Heart  of  Reptiles. — In  Lepidosiren  the  vein  from  the  lung- 
liko  air-bladders  traverses  the  auricle  and  opens  directly  into  the 
ventricle.  In  Siren  the  pulmonary  vein  dilates,  before  commu- 
nicatincf  witli  the  ventricle,  into  a  small  auricle,  which  is  not 
onSvardly  distinct  from  the  much  larger  auricle  receiving  the 
veins  of  the  body.'  This  is  remarkable  for  its  large  size,  thin 
walls,  and  hollow,  fimbriated  processes^  which  overlap  and  almost 
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oonoeal  the  Tentricle.  The  two  preoavals  and  the  poetcsn] 
terminate  in  a  ainus»  which  the  pulmonary  Tonal  trunk  seema  to 
enter,  but  to  the  inner  Buzface  of  whieh  it  adherefl  in  its  course  to 
its  proper  aunouUr  chamber.  The  yentriide  is  obtuse  and  sooie- 
times  8ub-bifid  at  the  apex :  it  is  connected  to  the  peiicaxdium  by 
the  usual  refleotion  of  the  serous  layer  upon  the  bu&us-ortenosDS, 
and  also  by  a  fold  reflected  from  the  apex  upon  the  coronary  vein, 
which  is  thence  continued  to  the  venous  sinus.  The  muscular 
parietes  of  the  ventricle  are  about  a  line  in  thickness,  and  loosely 
fasciculate.  The  cavity  is  partially  divided  by  an  incomplete 
septum,  terminating  by  a  cuooave  border  0])posite  the  orifice  of 
tlie  artery,  on  each  side  of  wliich  are  the  valves  clo^inf;  the  two 
auriciilo-ventiicular  orifices.  The  aorta,  narrow,  and  wiili  thin 
walls  at  its  commencement,  after  a  short  subspiral  course,  thickeTis 
into  an  elongate  *  bulbus  arteriosus,*  which  includea  a  longitudinal 
valvular  prominence,  grooved  at  its  fore-part  in  correspondence 
with  the  origins  of  the  branchial  arteries.  There  m  a  pair  of 
viilves  at  the  origin  of  the  aorta,  and  a  second  pair  near  the 
beginning  of  the  bulb.  The  distinction  of  the  pulmonary  from 
the  systemic  auricle,  first  observed  in  Siren,  has  been  since  dt  ter- 
mined  in  Menohranchus^ ,  Axoloivs'^,  Amjihiumn^  and  Mri/i>j»,nni } 
In  ProteuSi  in  which  some  of  the  blood  of  the  puny  luiius  i-  <;■  >ii- 
veycd  to  systeiuic  veins,  the  auricular  septum  is  not  coiuplete, 
according  to  Hyrtl.*  In  Amjihinma  the  auricle  is  «mal1er  and 
less  fimbriated  than  in  Sireji.  The  ventricle  is  similarly  connected 
to  the  pericardium  by  the  apex,  n«  well  as  by  the  artery.  This 
tonus  a  li.iir  spiral  turn  at  its  origin,  mid  dilates  into  a  broads 
and  shorter  bull)  than  in  Shm. 

In  Metiopoma  tlie  aunclcs  are  still  more  reduced  in  size,  and  lie. 
as  in  Salamandra^  fig.  333,  a,  when  undistended,  to  the  left  of  the 
ventricle :  their  outer  surface,  as  in  Menobranchus,  is  entire.  The 
ventricle  is  of  a  flattened  triangular  form :  its  cavity  is  occupie<l 
by  the  loose  fasciculate  muscular  stracture  through  which  the 
blood  filters,  as  through  a  sponge,  from  the  small  contiguous 
auricular  apertures,  each  of  which  has  a  simple  valve,  to  the 
*  ostium  arteriopuui.'  The  artery  inclines,  with  a  slight  twist,  to 
the  le6t,  and  swells  into  a  subspherical  bulb.  The  yalves  are 
eonfined  to  the  narrower  part,  and  are  in  two  transverse  rows, 
four  in  each  row,  each  valve  of  a  conical  shape,  pointing  forward.* 
The  first  row  is  just  above  the  ostium:  the  second  is  halfway 
between  this  and  the  bulb. 

*  OCLMXmL  p.  73.  *  OCLXXIX.  p.  45.  *  oouox.  pi  S19. 

4  ocuzz.  pi  S58.  ■  zz.  iL  p.  46,  Id.  zziiL  fig.  S. 
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The  pnhnonio  auride  augments  in  aze  with  tfie  more  exclusive 
share  taken  hy  the  lungs  in  respiration :  but  the  auricular  part 
of  -the  heart  shows  hardly  any  outward  sign  of  its  division  in 
Batrachians.  It  is  small,  smooth,  and 
situated  to  the  left  and  in  advance 
of  the  ventricle,  in  Ncwti^  and  Sala- 
manders, fig.  333,  a.  In  Frogs  and 
Toads  the  auricle  is  applied  to  the  ])ase 
of  the  ventricle,  and  to  the  back  and 
side  of  the  aorta  and  its  bulb.  The 
ventricle,  usually  of  a  more  rounded 
form  than  in  fig.  331,  H,  is  occupied 
by  the  muscular  fasciculi,  except  at  a 
email  part  between  the  auriculo-ven- 
tricular  and  aortal  orifices.  The  bulhus 
arteriosus  ia  incompletely  divi<led  by 
opposite  longitudinal  folds,the  margins 
of  which  meet,  but  remain  free. 

In  Serpents  the  lieart  agrees  with 
other  organs  in  its  elongate  form.  The 
auricles  are  in  advance  of  the  ventricle, 
their  lower  obtuse  ends  slightly  overlapping  its  base  :  they  are  sepa- 
rated anteriorly  by  the  co-elongate  intrapericardial  origins  of  the 
arteries  called  *  conus  arteriosus,'  answering  to  the  bulbous  part  in 
Batrachia;  a  slight  *  auricular  *  production  of  the  right  aaride  is 
tied  down  to  the  arteries  by  the  serous  layer  of  the  pericardiiun. 

The  right  auriole  eonsi^^ts  of  a  sinus  and  auricle  proper.  The 
dnns  reoavcs  three  veins  at  its  fore  part;  the  orifice  of  the  right 
jugular  and  of  the  inferior  azygoe  ia  guarded  by  a  pair  of  valves: 
in  the  orifice  of  the  superior  azygos  I  found  three  semilunar 
valves ;  two  veins  open  at  the  back  or  hind  part  of  the  sinus»  the 
largest  being  the  postcaval,  the  smaller  one  the  left  precaval. 
The  aperture  of  communication  with  the  auricle  is  longitudinal, 
near  the  middle  of  the  sinus,  of  a  full  elliptical  shape,  guarded  by 
a  pair  of  membranous  valves,  situated  within  the  proper  auricle. 
The  sinus  has  the  structure  of  the.laige  veins,  with  the  serous 
layer  of  the  pericardium  reflected  over  it  The  auride  has  a 
finely  fasciculate  muscular  wall,  thickest  at  ita  lower  and  fore 
part  The  auriculo-ventrioular  aperture  is  a  semilunar  slit, 
opening  into  the  base  of  the  ventricle,  near  the  origin  of  the 
pulmonary  arteiy,  and  defended  by  a  short  membranous  valve, 
having  one  or  two  chorda  tendiness  attached  to  ita  free  maigin. 
The  left  auricle  ia  shorter  than  the  right,  but  cf  equal  breadth 
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when  distended,  and  without  a  sinus.  The  pulmonaxy  Teios 
fonn  a  common  tnink,  about  half  the  nxe  the  postcaTd, 
which  advanoesy  in  contact  with  and  to  the  left  of  the  post- 
cavaly  to  open  into  the  hind  end  of  the  left  auricle,  without 
any  Talvular  structure.  The  auriculo-yentricular  orifioe»  shaped 
like  that  of  the  right  auiicle»  is  close  to  the  termination  of 
the  pulmonary  Tein:  it  is  guarded  by  a  short  yalye»  at  the 
back  of  the  base  of  the  yentride,  to  which  chords  tendines  are 
attadied. 

Hie  yentride  is  conical,  with  an  obtuse  apex.  More  than  half 
the  cayity,  including  the  apical  part,  is  oocu]ned  by  a  fasciculate 
decussating  muscular  structure,  from  which  rises  an  incomplete 
septum,  supporting  that  between  the  origins  of  the  pulmonary 
artery  and  left  aorta.  The  upper  or  fore  part  of  the  ventricular 
cayity  is  formed  by  a  flat  sort  of  platform  or  roof,  8upportin<]r  the 
auricular  septum,  and  having  the  curved  auriculo-ventricular  blits 
and  valves  on  each  side,  with  the  concavities  opposite  each  other, 
giving  the  roof  a  circular  shape. 

The  incomplete  septum  divides  the  anterior  or  sternal  (piihuonic) 

cavity,  whence  the  pulmonary  artery 
arises,  from  that  at  the  posterior  or 
dorsal  part  leading  to  the  orifice  of 
the  left  aorta,  and  receiving  the  bhw^l 
from  the  auricles:  this  ventricular 
cavity  does  not  extend  so  near  to  the 
npex  as  the  pulmonic  cavity  dues, 
jl'lic  part  of  the  ventricle  whence  tlie 
rlirht  aorta  rises  is  a  still  smaller 
space.  A  pair  of  semilunar  valves 
guards  the  origin  of  each  artery. 

The  heart  in  Lacertilia  essentially 
resembles  that  in  Ophidia,  but  is 
shorter  in  projxirtion  to  it*  breadth. 
The  right  auricle,  fig.  334,  A',  is 
divided  by  a  bivalved  orifice  from  the 
sinus;  the  left  auricle,  ib.  A,  has  no  sinus:  it  is  smaller  than  the 
right.  Each  auriculo-ventricular  orifice  or  slit  is  guarded  by  a  single 
yalve.  The  pulmonic  cavity  of  the  ventricle,  fig.  334,  h,  p,  is 
divided  from  the  aortic  cayity,  ii^  by  a  partial  septum,  indicated 
by  the  dotted  outline.  The  cayity  ii'  receives,  as  in  Ophidioj  the 
blood  from  the  auricles,  and  gives  off  the  left  aorta.  A,  the  right 
aorta,  a',  rising  from  its  back  part. 
In  CheUmia  the  heart,  following,  as  in  Ophidia,  the  general 
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shape  of  llie  body^  shows  its  greatest  breadth^  figs.  304,  335. 
The  two  auridesy  when  distended,  are  of  nearly  equal  oze,  and 
of  a  subquadrate  form,  fig.  336,  H,  o.  The  bi^ved  orifice 
between  &e  sinus  and  ike  auricle,  ib. 

o,  is  a  transverse  slit.  The  white 
arrow,  o,  shows  the  course  of  the  blood 
from  the  right  auricle,  past  the  Talve 
supported  by  the  base  of  the  auricu- 
lar septum,  into  the  aortic  cavity  of 
the  ventricle.  In  fig.  337  a  bristle 
passes  through  the  orifice  left  by  the 
incomplete  septum  between  the  aortic 
and  pulmonic  cavities  into  the  latter, 
which  is  the  largest  in  Emys,  as  in 
QpAufia  and  LaeeriUiai  the  bivalved 
orifice  of  the  pulmonary  artery,  p,  is 
shown*  In  fig.  338  that  cfthe  left  aorta, 
A,  is  Bunilarly  exposed,  and  ^  in- 
complete septum  is  cut  through:  the 
root  of  the  right  aorta,  A%  is  behind 
that  of  the  left.  The  relative  position 
of  the  origins  of  the  three  arteries  firom  the  chelonian  ventricle 
is  shown  in  fig.  336,  where  P  is  the  pulmonary,  a  the  left  aorta, 
a'  the  right  aorta,  the  most  posterior,  or  dorsal,  of  the  three 
arteries.  The  ventricle  is  almost  wholly  occupied  hy  a  spongy 
muscular  structure,  and  the  cavities 
are  smaller  in  Testudo  than  in  Emys, 
The  left  auricle,  fig.  336,  M,  receives 
the  arterial  blood  from  the  lungs  by 
a  single  vein,  the  common  trunk  of  the 
pulmonary  veins,  ib.  /,  /:  it  opens  into 
the  back  j)art  of  the  auricle  near  the 
septum,  and  is  guarded  by  a  single 
oblique  raembranous  fold,  ib.  M.  Each 
auriculo-ventricular  orifice  is  guarded 
by  a  Ibid  which  extends  across  it  from 
either  side  of  the  base  of  the  inter- 
auricular  septum  ;  to  that  of  the  left 
auricle  a  small  part  of  the  muscular 
structure  is  attaclied  by  chordjc  tcndincai.  Opposite  to  the  right 
valve  a  semilunar  ridge  i)r()iects,  in  Testudo  indica,  which  is  the 
rudiment  of  the  second  auriculo-ventricular  valve  in  the  Cro- 
codile, and  of  the  fieshy  valve  of  that  orifice  iu  the  right  ventricle 
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of  Birds.*  The  apex  of  the  ventricle  is  attached  by  a  short  fold 
of  the  serous  membrane  to  the  pericardium,  fig.  336,  t. 
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In  all  the  foregoing  modifications  of  the  reptilian  heart  the 
venous  blootl  from  the  general  system  and  the  arterialised  blood 
from  the  lunj^s  are  transmitted  bv  distinct  auricular  reservoirs 

into  the  ventricle,  where, 
through  the  spongy  character 
of  the  receptacle,  and  the  free 
intercommunication  between 
the  basal  spaces  into  which 
the  auricles  open  and  from 
which  the  arteries  proceed,  the 
blood  is  transmitted,  in  a  more 
or  less  mixed  state,  to  the 
lungs  and  to  the  general  sys- 
tem. 

In  the  Crocodilian  order  a 
marked  advance  is  made  in  the 
structure  of  the  heart.  The 
blood  from  the  general  system 
is  poured  by  the  veins  into  a 
sinus,  fig.  339,  8,  whence  it 
passes  into  a  right  auricle,  ib. 
o,  by  tlie  usual  bivalved  aper- 
ture. The  auricle  has  a  more 
distinct  *  appendix,'  and  its  mus- 
cular walls  are  thicker  than  in 
lower  reptiles.  The  aunculo- 
ventricular  orifice  ia  defended 
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not  only  by  the  ordinary  valve  on  its  left  side,  which  is  attached 
to  the  base  of  the  auricular  septum,  but  by  a  similar  though 
smaller  fold  on  the  opposite  or  right  side :  this  fold  becomes  the 
fleshy  auriculo-ventricular  valve  in  birds.    To  the  junction  of  the 
two  valves  at  their  lower  angle  a  fleshy  column  is  attached.  The 
ventricular  cavity,  ib.  R,  wliich  receives  the  venous  blood,  propels 
it  to  the  left  aorta,  A,  and  to  the  pulmonary  artery,  P :  the  origin 
of  each  is  guarded  by  a  pair  of  semilunar  valves.  Immediately 
above  the  larger  of  those  of  the  left  aorta  is  an  orifice  leading 
into  the  right  aorta:   in  fig.  339,  a  bristle  is  passed  from 
the  left  aorta  through  this 
orifice  into  the  right  axil- 
lary branch,  a,  of  the  right 
or   brachio-cephalic  aorta. 
In  the  figure,  the  valve  is 
drawn  down  to  show  the 
orifice ;  in  its  natural  state, 
it  conceals  and  would  cover 
the   orifice   as   the  blood 
flowed  from  the  ventricle 
into  the  left  aorta.  Some 
openings  lead  from  the  pul- 
monic cavity  of  the  ventri- 
cle into  a  spongy  structure, 
which  has  been  defined  as 
a  particular  cavity  {spatium 
interventriculare)    of  the 
ventricle ;  but  it  is  essenti- 
ally a  i)art  of  the  pulmonic 
chamber:  bristles  are  passed 
through  the  orifices  or  in- 
tcrcolumnar  spaces,  leading 
from  R  to  this  structure,  in 
fig.  339.    The  left  auricle, 
fig.  340,  M,  when  distended,  is  smaller  than  the  right,  and  of  a  more 
transverse  form :  its  muscular  part  is  produced  into  an  appendage, 
which  almost  meets  that  of  the  rijrht  auricle  in  front  of  the  *  conus 
arteriosus,'  embracing  the  *  sulcus  coronalis '  of  the  heart.  There 
is  a  small  pulmonary  sinus  receiving  the  short  trunks  of  the 
pulmonary  veins,  fig.  340,  /,  /.    The  left  auriculo-ventricular 
a[)erture  is  defended  by  a  broad  membranous  fold  continued  into 
the  ventricle  from  the  middle  of  the  base  of  the  interauricular 
septum  :  to  its  margin  are  attached  a  few  chordaj  tendineaj :  the 
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cavity  into  which  it  opens,  fig.  340,  L,  is  distinct  from  the 
pulmonic  cavity,  the  septum  being  complete :  its  walls  are  smooth, 
or  less  broken  by  *  columnse  earner '  than  in  other  Reptiles  ;  and 
the  free  walls  of  this  ventricle  are  more  compactly  muscular.  The 
ventricle  is  produced  in  a  subcorneal  form,  from  its  base  to  the 
origin  of  the  right  or  brachiocephalic  aorta :  the  auriculo-ventri- 
cular  valve  is  slit,  in  fig.  340,  to  show  the  course  of  the  ventricle 
to  the  origin  of  that  aorta:  this  has  a  pair  of  semilunar  valves, 
above  which  is  the  interoommunicating  orifice  with  the  left 
aorta. 

Thus  the  hearty  in  Crocodiliay  consists  of  two  auricles  and  two 
ventricles,  corresponding  to  the  *  right  *  and  *  left '  auricles  and 
ventricles  of  Mammals.  Buty  through  the  origin  of  an  aorta  &om 
the  right  as  well  as  from  the  left  ventricle,  and  their  intercom- 
mnnication,  it  follows  that  whenever,  from  an  impeded  state  of  Uie 
pulmonary  circulation,  the  right  ventricle  and  its  arteries  become 
over-dist^ded,  the  venous  blood  f^ows  through  the  inter-aortic 
orifice  into  the  arterial  trunk,  which,  after  suppljring  the  head 
and  fore-limbs,  bends,  at  a',  over  the  right  bronchus  and  effects 
an  union  at  Jl" y  fig.  339,  with  the  loft  aorta.  A,  h.  Such  a  state  of 
the  circulation  coincides  with  and  facilitates  the  long  submersion 
of  the  Crocodile.  When  the  animal  is  on  land  and  breathing  tlie 
air  directly,  the  arterialized  blood  flows  fireely  into  the  ventricle,  fig. 
340,  L,  and  the  synchronous  currents  from  this  and  the  opposite 
ventricle  throw  forward  the  valves  at  the  respective  origins  of  the 
two  aortas  and  dose  the  interaortal  orifice.  The  arterial  and  venous 
streams  flow  on  unmixed ;  the  former  to  the  brain  and  other  parts 
of  the  head  and  fore-limbs ;  the  hitter,  by  the  branch,  h,  fig.  339, 
chiefly  to  the  liver  and  contiguous  viscera ;  a  small  part  mixing 
with  the  arterial  blood  in  a%  to  be  transmitted  by  a'^  to  the  other 
abdonunsl  viscera,  hind  limbs,  and  taiL  To  convert  the  heart  of 
the  Crocodile  into  that  of  the  bird,  it  needs  only  to  obliterate  the 
left  aorta;  fig.  339,  B,  to  appropriate  the  right  or  pulmonic  ven- 
tricle, exclusively  to  the  service  of  the  pulmonary  artery ;  and  die 
'  left'  or  systemic  ventricle  to  the  service  of  the  aorta,  which  in 
Hamatoiherma  is  the  exclusive  distributor  of  arterial  blood,  in  t ui 
unmixed  state,  to  the  general  system. 

§  90.  Gilh  of  Batraehku  —The  blood  is  conveyed  in  all  Reptiltss 
from  the  ventricular  part  of  the  heart,  really  or  apparently  by  a 
single  trunk,  which,  in  the  one  case,  is  called  the  ^  bulbus  arti- 
riosus,'  in  the  other  the  *  conus  arteriosus.*  The  interior  developa- 
ments  by  which  the  *  bulbus '  is  converted  into  the  *  conus,*  aits 
interestingly  gradational,  and  the  insulation  of  the  pulmonaiy 
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artery  to  its  ventricular  origin  i&  not  effected  until  the  batrachian 
ty])e  is  passed. 

In  the  lower  or  perennibranchiate  members  of  the  order,  the 
single  artery  from  the  ventricle  sends,  as  in  Fishes,  the  whole  of 
the  blood  primarily  to  brancliial  organs,  throughout  life,  and,  in 
all  Batrachia,  at  the  earlier  aquatic  period  of  existence;  a 
description  of  the  gills,  permanent  or  deciduous,  will,  therefore, 
be  premised.  At  page  87  are  described  and  figured,  fig.  69,  the 
liyo-branchial  arch  and  appendages  of  the  knra  of  the  Frog. 
The  basihyal,  suspended  by  cera- 
tohyals,  fl,  to  the  tympanic  pedicle, 
e,  supports  a  pair  of  cerato-branchials, 
Cy  which  each  send  off  lour  branchial 
arches.  All  tliese  parts  are  cartihage. 
The  heart  distributes  the  blood  by  a 
short  trunk  through  four  pairs  of  vas- 
cular arches,  which,  bending  round 
the  gullet,  reunite  l)ehind  to  form  the 
aorta.  Before  the  larva  quits  the  egg, 
a  tegumentary  tubercle  buds  out  in 
front  of  the  branchial  deft,  and  soon 
shoots  into  a  trifid  appendage,  fig.  34 1 , 

A  and  B,  each  process  len^ening  and  bifurcating  after  the  larva 
is  extricated.    These  fiUiments,  of  cylindrical  shape,  ib.  c,  each 
support  a  sin^e  capillary 
loop,  pushed  out  from  the  S49 
primitive  vascular  arch,  and 
are  covered  by  ciliated  e])i- 
thelium,  producing  the  cur- 
rents indicated  by  the  arrows 
in  c.    The  branchial  cavity 
communicates  at  first,  as  in 
BranchiostamOy   with  the 
abdominal  one,  as  well  as 
with  the  outer  surface  by 
the  branchial  clefts.  About 
the  fourth  day  these  simple 
outer  gills  begin  to  shrink ; 
Ibey  are  absorbed  by  the 

seventh  day.    The  cartilaginous  arches,  also  ])eginning  to  shrink 
become  more  internal  by  the  ])r()gri'ssivc  growth  of  the  head. 

In  the  Newt  (  7ntun,  fig.  342  ),  tlu-ee  pairs  of  external  gills  are 
developed,  at  first  as  simple  filaments,  each  with  its  capillary 
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loop,  but  ipeedily  ezpsndingy  lengtbemng  and  branching  into 
lateral  proceBses  with  corresponding  looplets ;  these  blood-channeh 
interoommnnicating  hj  a  eapUaiy  network,  as  at     fig.  343.  The 

gill  is  oovered  by  ciliated 
scales,  ib.  «,  wlii<ji  change 
into  noncUiated  epithe- 
lium, /,  shortly  before  the 
gills  are  absorbed. 

The  nze  of  the  gills  is  as 
the  proximity  of  their  deve- 
loping Tascular  arch  to  the 
propelling  organ  of  the 
blood.  In  the  Pindeut 
an^ntu  three  pairs  only 
of  branchial  and  vascular  arches  are  developed,  oorrespoocBng 


One  of  tbe  giUt  of  the  Newt,  masn.  oolztiu. 


with  the  number  of  external  gills.    In  Siren  laeertina,  m 
caducibranchiate  Batrachians,  there  are  four  pairs  of  branchial 
arches ;  the  first  and  fourth  being  fixed,  the  second  and  third  £rae: 

their  contiguous  borders  on  the 
concave  side  are  provided  with 
small  interlocking  processes.  The 
gills  are  in  three  pairs,  increasing 
in  size,  according  to  the  above- 
Btated  dynamic  condition,  from 
the  first  to  the  third,  which  is 
attached  to  l)oth  the  third  and 
fourth  arches:  the  upper  or  outer 
surface  is  entire  and  covered  In- 
ordinary integument;  the  under 
or  inner  surface  is  produced  into 
pinnatifid  fringes,  supjjortint;  the 
cajiillary  branchial  vcs:?cls  and 
covered  hy  thin  epithelium.  Each 
gill  is  attached  by  its  ha^se  an- 
terior to  and  above  the  gill-slit, 
which  it  overhangs.  In  the  Axofotl, 
fig.  344,t]ic  fringes  of  the  gills  are 
lon<r(<r  and  more  slender.  In  the 
Mrnohrauclnis  they  resemble  tliose 
of  tlie  Triton.  In  the  Sirnt,  Pro- 
teus,  and  Mf  nohrnuc/nfs  the  outer 
gills  are  persistent,  and,  perhaps, 
also  iu  ^Vxolotes.  lu  each  of  tliese 
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*  perennibranchiatc '  Batrachians/  arteries  are  developed  from  the 
last  pair  of  branchial  vascuhir  arches,  as  at  T,  fig.  344,  to  conyey 
blood  to  the  lungs. 

In  Menoj)oma  and  Amphiuma  the  gill-opcuing  persists  on  each 
side ;  hwt  of  the  original  four  pairs  of  vascular  arches  only  the 
second  and  third  accompany  remains  of  branchial  arches,  circum- 
scribe the  gullet,  and  reunite  behind  to  fonn  the  be<xinning  of 
the  aortic  trunk.  The  extent  of  the  ossification  of  the  hyo- 
branchial  framework  in  some  measure  corresponds  with  the  degree 
in  which  the  branchial  organs  of  respiration  are  retained.  In 
I^'oietu  the  ceratohyals,  urohyal,  two  pairs  of  basibranchials,  and 
three  pairs  of  ceratobranohials  become  bony.  In  the  Siren  tibie 
ceratohyals,  mohyal,  one  pair  of  basibranchials,  and  two  pairs  of 
ceratobranchials  are  bony.  The  Menopome  and  Cryptobranchus 
agree  with  the  Newts  and  Salamanders  (fig.  333),  in  having  the 
basihyal,  tv,  the  oeratohyals,  x,  and  two  pairs  of  ccrato- 
brandiials,  y  and  zi  but  the  latter  pair  is  proportionally  longer 
and  shows  two  elements  of  the  arch,  on  each  side,  ossified.  In 
the  Anourous  Batrachians  the  branchial  arches  are  reduced  to  the 
basal  portions  of  a  single  pair  of  ceratobranchials  (p.  91,  fig.  74), 
which  persist,  in  most  higher  Vertebrates,  as  die  *  posterior 
comua*  of  the  *  hyoid  bone.' 

The  parts  of  the  branchial  framework  in  immediate  relation 
with  the  support  of  the  deciduous  gills  nCTer  pass  beyond  the 
cartilaginous  stage ;  and  a  histological  test  is  thus  afforded  of  the 
temporary  or  permanent  character  of  the  branchi»  in  a  Batrachian 
presenting  them.  The  deciduous  gills  offer  many  modifications 
in  the  Lure  of  the  caducibranohiate  species.  In  a  tropical  South 
American  Frog  (  OpiUhodelphys  amfera),  e.  g.,  the  external  giHs 
*  are  formed  before  the  larva  is  excluded,  and  expand  into  a  broad 
membranous  disc  at  their  extremity.  . 

But  whatever  the  form  or  structure  of  the  external  gills,  they 
are  fitted  only  to  their  office  as  such:  that  being  discharged,  they 
tarn  to  no  other  use,  but  lose  thdr  ciliated  and  vascular  structure, 
and  disappear.  The  Tadpole,  meanwhile,  being  subject  to  a 
aeries  of  changes  in  every  system  of  organs  concerned  in  the  daily 
needs  of  the  coming  aerial  and  terrestrial  existence,  still  passes 
more  or  less  time  in  water,  and  supplements  the  early  attempts 
at  pulmonary  respiration  by  pullulating  loops  and  looplets  of  capil- 
laries, fig.  345,  a,  from  the  branchial  vessel,  b,  e,  supported  by  the 
cartilaginous  arch,  e,  and  coated  by  delicate  non-ciliated  epithe- 
lium :  the  terminal  processes  of  these  *  internal  gills '  support  a 
single  capillary  loop,  J.    They  resemble  the  commencing  gills  of 
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TeleoBtomouB  Fisbes,  especially  of  tlie  Lophobramclici ;  and  tlie 
analogy  to  the  piscine  respiratory  structures  is  enhanced  by  the 
growth  of  an  opercular  fold  of  membrane,  protecting  the  branchial 

chamber;  but  thi.s,  by  pro- 
grcj^sive  adhesion  of  its 
posterior  border  to  the  cer- 
vical iiitorrumeut,  reduces 
the  lateral  fissures  to  one 
inferior  foramen.  In  the 
iSewt.s,  the  side-slits  are 
longer  retained.  The 
young  of  Ccprflin  show  a 
branchial  pore  on  each 
side,  with  traces  of  bran- 
chial friiii:i;os.  The  euibrvo 
Salamander  shows  exter- 
nal gills  while  in  the 
womb  ;  and,  when  the^t 
disappear,  the  branchiid 
arches  adhere  to  the  oper- 
cular fold  of  skin,  the 
external  outlet  beinjx  an 
inferior  transverse  slit- 
In  Newts,  Salamanders,  Circilia?,  and  Anourans,  the  branchial 
orifices  become  obliterated  after  the  absorption  of  the  internnl 
gills.  The  gigantic  Newt  of  Japan  (^Cn/pfobrauc/ius)  equallv 
differs  from  ^frfro/tomn  and  Amphhtma  in  the  closure  of  those 
orifices.  Their  retention  in  these  large  American  Newts,  with 
the  superadded  persistency  of  the  branehia;  themselves  in  Meno- 
brunchus.  Siren ^  and  Proteus,  are  amongst  the  most  significant 
evidences  of  the  manifestation  of  generic  characters  through 
arrested  stages  of  one  general  course  of  transmutataoiud 
developement. 

\  91.  Arteries  of  Reptiles, — In  the  Axolotl,  fig.  344,  the  three 
anterior  pairs  of  Yascular  arches  rise  distinctly  from  the  *  bulbus,' 
a;  the  fourth  pur  blend  their  origins  with  those  of  the  third: 
the  three  anterior  pairs  are^  functionally,  branchial  arteries,  ib.  b, 
course  along  the  corresponding  branchial  arches  to  the  sides  of 
the  necky  and  then  quit  them  to  enter  the  base  of  the  pendent 
gill,  running  along  the  antero>inferior  border :  they  there  send  off 
a  double  series  of  branches,  which  penetrate  and  ramify  in  the 
branchial  fringes,  and  constitute  at  their  end  and  margin  a  capU- 
lary  net-work,  like  that  in  %  343.   From  this  the  retnniing 
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channels  converge  to  form  the  'braiicliial  veins,'  ib.  b,  which 
re-enter  the  neck,  course  along  the  dorsal  wails  of  the  pharynx, 
and  unit«  to  form  the  right  and  left  aortic,  or  roots  of  the  common 
median  arterial  trunk,  ib.  a.  From  the  first  or  foremost  branchial 
-vein  is  given  off  the  carotid  or  cephalic  artery,  a*.  The  fourth 
pair  of  vascular  arches  pass  outward  and  backward,  and  each 
divides,  the  larger  portion,  p,  going  to  the  lungs,  the  smaller 
division  pursuing  its  course  to  the  back  of  the  oesophagus,  where  it 
unites  with  the  third  *  branchial  vein,'  and  adds  a  small  proportion 
of  unrespircd  blood  to  the  contents  of  the  aorta. 

In  the  Proteus  tlio  bulbus  arteriosus  divides  into  a  pair  of 
vessels,  each  of  whicli,  as  it  diverges,  aprain  divides;  the  anterior 
division  supplies  the  anterior  gill :  the  posterior  division  hlfureates, 
to  i^npply  the  peoond  and  third  gills.    But,  before  distributing 
the  branclnal  capiilaries,  each  artery  communicates  by  a  direct 
anastomosing  channel  with  the  branchial  vein;  in  oilier  words, 
only  a  portion  of  each  primary  vascular  arch  is  appropriated  to 
the  gills,  and  a  certain  proportion  of  the  blood  goes  from  the 
heart  to  the  aortic  trunk  without  being  submitted  to  the  respirsr 
tory  process.    The  small  artery  to  the  slender  simple  pulmonary 
sac  is  sent  off  from  the  hindmost  branchial  vein.   The  cephalic 
arteries  arise  from  the  foremost  branchial  veins,  and  consequently 
supply  the  brain  with  purer  arterial  blood  than  that  which  goes 
to  the  body. 

The  changes  in  the  vascular  arches,  consequent  on  absorption 
of  the  gilb,  are  chiefly  due  to  tlie  enlargement  of  anast- niusing 
channels,  between  the  inierent  and  efferent  branclilal  trunks,  like 
those  iu  J'rotcus.  The  course  of  these  changes  n-iiuees  the 
arterial  system  in  Menopoma  to  the  condition  of  which  Hunter 
left  the  illustrations  published  in  xx.  vol.  ii.  The  bulbus  is 
shortened,  and  the  origins  of  the  primary  vascular  arches 
approximated:  those  of  the  third  and  fourth  are  blended  togetlier. 
The  foremost  arch  is  smaller  than  the  second  or  third :  it  sends  off 
an  artery  to  the  intermandibular  space,  a  second  to  the  side  of  the 
head,  a  third  to  the  pharynx,  beyond  which  it  bends  abruptly 
back,  to  enter  the  aortal  root.  The  second  and  third  vascular 
arches  are  of  equal  size,  wind  round  the  wide  pharynx,  anterior 
to  the  branchial  opening,  and  unite  on  reaching  its  back  part  to 
form  the  aortal  root :  this  sends  forward  a  small  artery  to  the  side 
of  the  mouth,  and,  a  little  further  on,  the  main  carotid  artery, 
beyond  which  the  roots  converge  backward,  and  unite  to  form 
the  aortic  trunk.  The  hinduiost  vascnhir  nreb  is  the  smallest, 
and  courses  round  the  oesophagus,  below  or  behind  the  branchial 
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opening,  behind  which  it  sends  off  the  pulmonwy  lurterj,  and 
returns,  at  an  acute  angle,  to  join  the  third  Tascular  arch  near  itv 
termination  in  the  aortic  root ;  or,  the  pulmonary  artery  may  he 
said  to  be  formed  by  a  small  branch  from  the  third  aicli^  in  ooa- 
junction  with  the  fourth  arch.  The  branchial  arteries  are  sent  off 
fincym  the  aortic  trunk,  about  an  inch  beyond  its  origin. 

In  the  Newt  the  small  anastomosing  vessel  at  the  base  of  each 
gill,  between  the  ingoing  and  outcoming  trunks,  enlarges  as  the 
flow  of  blood  is  checked  by  the  stunting  of  the  gill  in  the  oourse 
of  its  absorption ;  so  that,  when  this  is  complete,  the  blood  flows 
from  the  '  bulbus  *  round  to  the  aorta  in  a  continuous  undiecked 
stream,  l6g.  333,  as  at  its  first  appeanuice. 

In  the  Frog  this  course  of  ohimge  issues  in  the  following  per- 
sistent disposition  of  the  primitive  vascular  arches : — The  anterior, 
originally  the  fourth,  pair,  which  have  their  origins  brought  back 
so  as  to  seem  to  rise  from  the  pair  preceding,  are  sometimes  called 
its  *  carotid  branches  :*  they  diverge  outward,  as  in  their  primitive 
00UI86,  have  a  partial  enlargement,  and  send  off  the  '  lingual,' 
pharyngeal,  and  entocarotid  arteries.  The  next  pair  of  vascular 
arches,  answering  to  the  third  of  the  primitive  pairs,  sends  off 
the  laryngeal  and  brachial  arteries,  also  a  tributary  to  the  sub- 
cutaneous  cervical,  and  are  continued  backward  and  inward, 
supplying  the  oesophagus  in  this  course,  to  fi>rm  by  their  union 
the  aorta,  a.  The  first  pair,  answering  to  the  second  and  first 
of  the  primitive  pairs,  send  off  the  second  root  of  the  artery 
which  ramifies  on  the  subcutaneous  cervical  gland,  and  the 
pulmonary  artery ;  the  dorsal  part  of  the  second  primitive  arch 
now  appears  as  the  accessory  root  of  the  subcutaneous  cervical 
artery  given  off  from  the  aortic  root,  as  above  mentioned. 

The  brachial  artery  sends  off  an  external  thoracic,  distributed 
to  the  muscles  of  the  fore-part  of  the  abdomen,  a  subscapular 
branch,  a  circumflex  artery,  supply  iug  the  muscles  of  the  shoulder, 
and  is  then  continued  to  the  fore-arm,  where  it  becomes  *  radial/ 
sends  off  a  recurrent  branch,  and  divides  near  the  wrist  into  a 
dorso-carpsl  and  palmar  branch,  which  terminates  in  the  digital 
arteries  and  the  intervening  web  of  capillaries. 

The  aortic  trunk  gives  off  the  gastro-mesenteric  artery,  dividing 
into  '  cocliac '  and  mesenteric  branches ;  then  the  suprarenal  and 
renal  arteries,  the  lumbar,  and  the  genital  arteries  (spermatic  or 
ovarian),  and  bifurcates  to  form  the  common  iliacs.  From  each 
of  these  are  sent  off  a  vesico-epigastric  artery  continued  from  the 
allantcac  bladder  forward  upon  the  abdominal  walls,  the  external 
and  internal  circumflex  arteries,  and  the  femoral^  wliicli^  on  reaching 
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the  leg)  divides  into  posterior  and  anterior  tibial,  terminating  in  the 
digital  arteries  and  capillaries  of  the  webs. 

In  Ophidian,  Laoertian,  and  Chelonian  Reptiles  the  'bulbus' 
of  the  embryo  heart  becomes  divided  into  three  distinct  tubes, 
which  remain  closely  united  together  by  their  outer  fibrous  tissue, 
and  covered  anteriorly  by  the  reflected  serous  layer  of  the  peri- 
cardium*  The  extent  of  this  union,  or  length  of  the  '  conus 
Tasculosus,'  is  greatest  in  the  Serpents.  In  the  Python  it  may 
eacceed  two  inches  in  length ;  and,  when  the  serous  and  fibrous 
tunics  are  dissected  away,  the  origin  of  the  pulmonary  artery  is 
seen  to  the  lefb,  next  to  it  is  the  origin  of  the  left  aorta,  and  to 
the  right  of  this,  about  an  inch  above  the  ventricle,  the  trunk  of 
the  right  aorta  appears,  which,  as  it  diverges  from  ihe  left,  sends 
off  the  single  carotid  artery.  This  artery  is  the  remnant  of  the 
anterior  of  three  primitive  vascular  arches.  The  right  aortic 
ardi  and  the  left  aortic  arch,  which  unite  behind  and  beyond  the 
pericardium  to  form  the  abdominal  aorta,  are  the  proceeds  of  the 
middle  primitive  arches :  the  pulmonary  artery  is  the  issue  of  the 
changes  of  the  posterior  or  first  pair  of  vascular  arches. 

In  the  ZiMerli7ur  the  extent  of  modification  is  somewhat  less. 
Looking  on  the  sternal  surface  of  the  heart,  the  pulmonary  trunk 
is  the  foremost,  the  left  aorta  is  the  next,  the  right  aorta  is  the 
hindmost.  The  left  and  right  aortic  arches  converge,  ami  unite  or 
intercommunicate,  behind  and  usually  below  or  beyond  the  heart, 
to  form  the  abdominal  aorta.  In  Lacerta  ocellafa,  fig.  334,  P 
marks  the  origin  of  the  puhnonary  artery,  which  ascends  and 
divides :  the  left  branch,  p,  passing  in  front  of  the  left  descending 
aorta,  with  which  it  is  connected  by  a  ductus  arteriosus,  D,  before 
proceeding  to  the  left  lung,  fig.  332 ;  the  right  pulmuiiary 
artery,  fig.  334,  r',  passes  behind  the  '  arterial  cone,'  and  in  front 
of  the  right  descending  aorta,  a',  with  which  it  connuuuu  ates, 
or  is  connected,  by  a  ductus  arteriosus  before  proceeding  to  the 
right  lung.  These  *  ductus  arteriosi'  exist  in  the  Fytlum,  are 
shown  in  the  Tortoise,  fig.  33 j,  d,  d,  and  in  the  Crocodile, 
fig.  340,  D,  d'.  The  thii-d  primitive  arterial  trunk,  called  'right 
aorta,'  divides  into  the  right  arch  (below  a'  in  fig.  334),  and 
into  the  common  trunk  of  the  two  cephalic  or  carotid  arteries, 
ib.  a,  a*,  describing  the  upper  arches:  the  common  trunk  of 
the  brachial  arteries  is  usually  given  off  from  the  right  aortic 
arch.  In  l*sainmosaurm  griscus  the  conunon  trunk  of  the  carotid 
does  not  bifurcate  until  it  hafi  ascended  the  neck  as  far  as  the 
oriirin  of  the  bronchial  tubes:  and  not  until  after  the  vv^\\t  aorta 
has  arched  over  the  right  bronchus  does  it  send  olij  at  an  acute 
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angle,  the  common  trunk  of  ihe  right  and  left  brachials.  The 
left  aortic  arch,  in  Psammosaurus,  sends  off  a  gastric  and  mesen* 
terie  artery  befoic  it  joins  the  right  aortic  arch ;  and  thb  is  the 
case  also  in  the  Tortoise,  fig.  335,  and  Crocodile,  fig.  339,  A, 
the  left  aorta  being  then  so  reduced  in  size  as  to  resemble  a 

*  ductus  arteriosus.' 

In  the  Tortoise  the  right  aorta,  soon  after  its  origin,  sends  off 
a  common  trunk,  which  quickly  subdivides  into  the  carotids, 
fig.  3:^5,  a*,  a*,  and  brachials,  ib.  a,  a;  and  the  same  is  the  case 
with  Emys,  in  which  the  four  arteries  arr  seen  cut  short  near  their 
origins,  between  a'  and  a,  figs.  337  and  ;>;i8. 

In  the  Crococliie  the  two  '  artoria*  innomiuata},'  figs.  339,  340, 
arc  longer  before  they  clivitie  into  the  hraeliial,  and  earntiil,  a' : 
botli  innomiuato)  arise  by  a  short  common  trunk  from  the  right 
aorta,  which  divides,  soon  after  its  origin,  into  that  trunk  and  the 
right  aortic  arch,  Ih.  A^  This  arch  winds  over  the  right  pul- 
monary artery,  fig.  339,       with  which  it  is  connected  by  a 

*  ductus  arteriosus '  (the  arch  is  reflected  upward  and  the '  ductus' 
D%  severed  from  the  pulmonary  artery,  f^,  in  fig*  340).  The 
origin  of  the  right  or  brachi-ceplialic  aorta  is  hidden  by  that 
of  the  left  aorta,  fig.  339,  a,  which  is  anterior,  or  on  die  sternal 
side  of  it.  The  left  aorta,  as  it  winds  oyer  the  left  pulmonary 
artery,  is  attached  to  it  by  a  *  ductus  arteriosus,'  the  remnant  of 
the  channel  by  which  the  first  vascuhir  arch  originally  com- 
municated with  the  second,  t<^  aid  in  forming  the  aorta,  before  its 
current  of  blood  was  diverted  to  the  uses  uf  the  weIl-deveU)j)ed 
Inng,  after  exclu.sion.  The  continnation  of  tht  main  part  of  the 
left  aorta  into  tlie  great  visceral  artery,  fig.  339,  /i,  reduces  its 
original  union  with  the  right  aortic  arch,  a",  to  a  small  anas- 
tomotic channel. 

The  following  particulars  are  notable  with  regard  to  the  dis- 
tribution of  arterial  blood  by  the  right  aorta  in  Reptiles.  The 
anterior  yascular  arch,  in  Ophidian  is  converted  into  a  pair  of 
cephalic  or  carotid  arteries  in  the  young  Snake,  and  this  structure 
is  retained  in  the  common  Snake  {Coluber  natrix)\  in  l^thtm 
tipis  I  found  the  right  carotid  much  reduced  in  suee;  in  the 
Viper  (  F.  verus),  and  some  other  Serpents,  the  cervical  piirt  of 
the  right  carotid  is  obliterate<l :  Ijnt  the  ceplialic  portion  remain?, 
and  receives  bluud  by  the  anastomosis  of  one  of  its  bn  Tu  lics 
with  tlie  left  earotid.'  In  the  Viper,  and  st)uie  other  venomous 
Ser|>ents,  the  internal  maxillary  hrnneh  of  the  earotid  form?  a 
rete  mirabile  l^ehind  the  poison-giaud.-^    The  right  aortic  ardi, 
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soon  after  it  has  curved  over  the  right  pulmonary  artery,  sends  off" 
the  trunk  of  the  vertebral  and  anterior  intercostal  arteries :  in  its 
origin  and  position^  this  trunk  resembles  the  common  brachial 
trunk  in  Lizards. 

The  reUtion  of  the  origin  of  the  right  aorta  to  the  ventricular 
compartment,  first  receiving  the  arterialised  blood  from  the 
pulmonary  auricle,  and  the  distribution  of  the  branches  of  the 
right  aorta,  are  such,  that  the  head,  neck,  and  fore-limbs  receiye 
chiefly  arterialised  blood,  and  the  abdominal  viscera,  the  trunk, 
hind-limbs,  and  tail,  are  supplied  with  mixed  venous  and  arterial 
blood.  But  this  localised  distribution  of  the  two  kinds  of  blood 
is  more  coiin*letely  effected  in  the  Cro- 
codiles, tlirough  the  modilication  of  the 
heart  and  arteries  before  described. 

§  92.  Lrtnffs  of  Rrjitihs.  —  An  opening 
on  the  midline  of  the  ventral  side  of  the 
pharynx,  fig.  346,  c,  receives  air  introduced 
into  the  mouth,  and  conveys  it  to  the 
receptacles  which,  in  Reptiles  and  all 
higher  Vertebrates,  are  called  *  lungs,*  ib* 
f,  f.  The  opening,  usually  a  short  longi- 
tudinal slit,  leads,  in  the  Newt  and  Pro- 
teus, to  a  small  crescentic  membranous 
sac,  from  the  angles  of  which  are  pro- 
duced the  long  slender  pulmonic  bags.  In 
the  Axolotl  a  short  tube,  strengthened  by 
a  few  feeble  subannular  cartilages,  eon- 
ducts  the  air  to  the  lungs,  which  com- 
mence ju^t  heyoud  the  heart :  in  the  Siren  and  Laud-Salamander 
a  similar  trachea  divides  into  two  branches,  one  to  each  lungJ  In 
all  these  tailed  Batrachia  the  pulmonary  bags  have  simple  or  even 
walls.  The  artery,  formed  as  above  described,  from  the  hindmost 
Tascular  arch,  joined  by  a  branch  from  the  next  arch,  runs  along 
one  side  or  border,  and  the  vein  returns  along  the  opposite  border 
of  the  lung.  The  branches  proceed  from  the  artery,  fig.  348, 
a,  transversely,  with  regular  intervals,  midway  in  which  the 
venules  are  formed  which  course  half-round  the  cylinder  to  open 
into  the  loi^itudinal  vein :  fibres  of  elastic  tissue  accompany  the 
arterioles  and  venules.  The  intervening  capillaries  constitute  a 
regular  uctwoik,  uniformly  over  the  pulmonary  surface ;  they 
seem  to  be  mere  channels  for  the  passage  of  the  blood  discs,  fig. 
347,  with  intervals  or  islets  of  compacted  cell^i,  contaiumg  nuclei 
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mnA  granules,  ib.  a.  This  vascular  surface  is  covered  by  a  delicate 
cvpet  of  epithelial  oeUfl»  fig.  348,  certain  linear  tracts  of  wluohy 
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ib.  b,  b,  are  ciliated.  The  exterior  of  the  lung  is  covered  by 
delicate  peritoneal  nonciliated  aoales. 
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In  the  Siren  the  lungs  are  narrow  bags,  coextensive  with  the 
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long  trunk;  and  the  ciliated  tracts  upon  the  inner  surface  begin 
to  be  raised  therefrom^  and  to  mark  out  shallow  depressions  on 
the  vascular  surface,  at  least  along  the  anterior  half  of  the  sac 
In  the  Axolotlf  in  which  the  lungs  tenoinate  at  the  hinder  third 
of  the  abdomen,  the  alveolar  depressions  or  cells  are  more  marked. 
In  the  Amphiume  the  lungs  are  narrow,  and  terminate  in  a  point, 
within  a  short  distance  of  the  anus :  on  the  inner  surface  elastic 
bands  are  developed  in  the  inter-alveolar  partitions,  and  the  alveoli 
bdgin  to  be  subdivided  into  smaller  cells.  In  the  Menopome  the 
lungs  have  a  similar  structore,  but  are  proportionallj  smaller,  and 
with  larger  alveolar  depressions. 

The  lungs  of  the  Frog,  fig.  349,  are  wider  in  proportion  to 
their  length,  and  extend  along  the 
dorsal  part  of  the  abdominal  cavity, 

with  the  vertebral  bodies  and  vascu-  jVj  

lar  trunks  intervening.  They  are  J 
continued  by  short  brouchise  or  bron-  /  f  \(  ■ 
chial  apertures,  fig.  350,/*,  directly 
from  the  larynx.  The  proper  tissue 
of  the  bag  is  composed  of  very  elastic 
fibre,  covered  by  peritoneal  epithe- 
lium, and  lined  by  the  capillary  net- 
work and  its  epithelial  covering; 
the  pulmonary  artery  takes  its  course 
beneath  the  peritoneal  layer,  the  pul- 
nionaiy  vein  runs  beneath  the  inter- 
nal epithelium ;  the  one  on  the  fore 
and  outer  part,  the  other  nearer  the 
inner  or  mesial  side  of  the  lung.  The 
whole  inner  surface  is  honevconibed, 
and  the  alveoli  are  subdivided  into 
smaller  cells.  The  arterioles  run 
along  the  attached  borders  of  the  septa,  the  venules  along  the 
free  borders.  The  ciliary  epithelium  is  limited  to  the  margins 
of  the  alveoli  supportmg  the  larger  yenules:  tbe  capillary  net- 
work, covered  by  nonnuliated  delicate  epithelial  scales,  b 
disposed  upon  the  sides  and  bottom  of  the  ultimate  cells,  the 
septa  having  a  layer  of  the  capillary  network  on  each  side. 
Thus  the  lungs  of  the  tailless  Batrachia,  and  more  especially  of 
the  Pipa,  in  which  they  are  very  broad  and  the  brouchial  tubes 
long,  ha^•c  a  more  extensive  resjnratory  surface  in  proportion  to 
their  size  than  in  the  tailed  species. 

But  the  pulmonary  artery  is  not  exclusively  distributed  to  the 
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lung !  it  sends  a  branch  to  the  *  rete  miiabile '  of  the  paiotoid.  or 
group  of  subcutaneous  cervical  glands,  and,  in  the  Frog,  the 
branch  from  the  pulmonary  artery  joins  one  from  the  aorta  to 
form  a  large  subcutaneous  artery,  more  extennvely  distributed 
upon  the  skin,  which  exercises  a  respiratory  office  in  these 
naked  Batrachia.  In  the  Siren,  Menopome,  and  AmpbiuiDe, 
the  pulmonary  artery  dbtributes  some  small  tirigs  to  the  obkh 
phagus. 

In  the  poisonous,  colubrine,  and  marine  Snakes  tiie  lung  is, 
functionally,  siDgle,  one  only  being  developed,  but  of  great  length, 
for  the  respiratory  purpose,  the  other  becoming  aborted  into  a 
small  or  scarcely  discernible  rudiment.  The  trachea,  fig.  300,  a, 
has  numerous  and  entire  cartilaginous  rings  along  a  certun  pro- 
portion of  its  course,  and  the  lung,  ib.  B,  seems  to  be  formed  by 
a  dilatation  of  the  membranous  part  of  the  tracheal  tube,  afW 
the  rings  become  incomplete:  but  these  may  be  traced  supporting 
a  narrow  and  shallow  kind  of  air-canal  to  the  hind  end  of  the 
lung  in  Pelamh  hieolar,^  A  similar  structure  has  been  observed 
in  Vipers  {Echidna  arieiami),  and,  for  a  shorter  extent,  in  RattJe- 
snakes,  in  which  the  trachea  is  shorter  tlian  in  non-venomous 
Snakes.  The  expanded  membranous  part  of  the  lung  is  honey- 
combed, with  subdivisions  of  the  alveoli  at  the  fore-part  of  the 
lung,  for  a  varying  thickness  and  extent  in  different  species.  The 
rudiment  of  the  atrophied  lung  is  often  indicated  by  an  orifice  in 
the  trachea,  at  or  near  its  entry  into  tlic  functional  lung,  leading 
to  a  small  pouch.  This  adliere?^  to  the  terminal  whole-rings  of 
the  trachea  in  Coluber  nntrir  aiul  Naja  tripudians.  In  the  preat 
constricting  Serpents  both  Inni^s  are  f*uncti<mally  hut  u]ie(]u;iliv 
developed.  In  Ptitlion  t'ujris  the  left  hin<»;  is  nearly  half  as  h^ng 
as  the  Hfjht:  but,  hy  its  structure,  it  takes  almost  an  equal  share 
iu  the  respiratory  function,  the  vascular  and  huneyoonihed  parictes 
being  of  nearly  the  same  extent  as  in  the  right  Iun«^.  So  niut  li 
of  tliis  as  is  prolonged  beyond  the  left  lung  has  thin,  siinjile,  and 
comparati\  ely  unvascular  walls,  performing  the  office  of  a  reservoir 
of  air,  whit'h  may  be  useful  dnrini?  the  period,  when  the  delicate 
windpipe  is  squeezed  flat  by  a  large  prey  in  ]  i  oLri  ess  of  slow 
deglutition.*  The  proper  parietes  of  the  lungs  almost  every- 
where adheres,  by  lax  cellular  tissue,  to  the  contiguous  organs. 
In  the  Slow-worm  {Auqu'n  fragilis)  the  lungs  arc  relativtlv 
shorter  than  iu  true  Oplndtu^  but  the  left  is  only  half  the  length 
of  the  right  lung.    A  similar  difference  is  presented  by  the  lungs 

*  XX.  voL  ii.  p.  93,  prep.  no.  1089.        *  Ib.  p  94,  prep.  no.  1093  A. 
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of  Bipet  lepidopus.  In  Pseudoput  FlaUani  the  lungB  are  of  nearly 
equal  length. 

In  most  Lacertian  Reptiles  the  lungs  are  equal,  are  broader 
in  proportion  to  their  length,  and  the  short  bronchus  terminates 
abruptly  in  the  single  pulmonary  cavity*  The  parietes  are  honey- 
combed and  vascular,  but  in  a  less  degree  as  they  extend  from  the 
heart:  in  Geckos  and  Agamas  the  alveoli  are  deepest  on  the 
mesial  side  of  the  lungs.  In  the  Iguana  the  pulmonary  cavity  is 
divided  by  a  few  deep  partitions  into  primary  lodges,  the  parietes 
of  which  are  honeycombed  by  secondary  and  tertiary  cells.^  In 
a  Monitor  {Regenia  oceUaid)  tiie  bronchus  is  continued  some  way 
along  the  interior  of  the  lung.*  The  lungs  of  the  Chameleon  are 
remarkable  for  their  great  extent,  for  the  delicacy  of  their 
parietes,  and  the  number  of  caacal  processes  continued  from  their 
anterior  and  inferior  margins.  Each  lung  is  partially  divided 
longitudinally  at  its  fore  part  into  two  cavities,  which  have  their 
vascular  sur&ce  increased  by  subdivision  into  cellular  alveoli; 
tike  posterior  appen^culated  part  of  the  lung  is  of  a  simpler 
and  leas  vascuhur  structure,  and  may  serve  as  a  reservoir  of 
air.  Marginal  cflBcal  productions  of  the  pulmonary  bag  exist  also 
in  the  Geckos  (e.  g.  Ptyodactylus  Jimbriatits)  and  in  Polychrus 
marmoratus.  In  Geckos  and  Scinks  the  trachea  terminates  in 
the  lungs  without  dividing  into  bronchi 

In  the  Chelonia  the  lungs  i)resent  a  further  stage  of  complica- 
tion, and  are  adherent  to  the  surrounding  parts.  In  tliosc  of 
Chelydra  serpentina^  e.g.  the  general  cavity  of  each  king  is  divided 
into  eiffht  compartments,  the  walls  of  which  are  honeycombed 
and  va.-cular,  especially  at  tlieir  fore  part.  The  bronchial  tube 
extends  to  the  hindmost  compartment  of  the  lung,'  coniinuni- 
cating  by  special  orifices  with  the  anterior  ones,  and  sending 
continuations  of  its  fibrous  structure  along  the  free  border  of 
the  septa. 

In  the  Sea-Turtles  ( Chelone)  the  lungs  extend  over  the  back 
part  of  the  abdomen  to  the  pelvis,  and  must  act  as  au  air-bladder 
during  their  swinimmg:4  the  bronchial  tubes  are  continued, 
gradually  decreasing,  to  near  the  end  of  the  lungs,  and  retaining 
cartilaginous  rings  or  half-rinf!;s  aloni^  three-fourthf?  of  tlieir 
course.  They  communicate  with  nuuierous  primary  divisions  of 
the  pulmonary  cavity,  each  of  which  is  divided  into  cells,  which 
are  subdivided  to  the  third  or  fourth  degree,  with  proportionate 
extension  of  the  vascular  respiratory  surface.    The  ultimate  cells 


*  XX.  ib.  p.  OR. 

'  lb.  p.  96,  prep.  no.  1109 


*  cccxxi.  p.  :>25. 

*  Ibid.  p.  96,  prep.  no.  lUO. 


Digiii^cu  L^y  Google 


526 


ANATOMT  OF  VEBTEBRATES 


along  ihe  outer  margin  of  the  lung  are  the  largest  and  their 
parietes  the  least  Tasculan 

Subjoined  b  «  tabular  view  ^  oC  the  capacity  of  the  lungs  in 
examples  of  di£Perent  families  of  the  Cheloman  order,  *  obtained 
by  pumping  out  the  air  of  the  lungs»  then  piim})lng  in  water, 
then  pumplug  out  the  water  again  and  measuring  its  amount  in 
cubic  inches.*  *  This  table  shows  that  aquatic  (^hmm  require 
less  ail  ia  tUcir  lungs,  in  proportion  to  the  weight  of  the  bodj, 
than  land  Chdonia  ;  and  that  in  mud-dwellers  and  the  soft-turtles 
(^Trionifcidcp)  other  parts  are  auxiliary  to  the  lunGT.s  in  the  act  ol* 
hreatliiair.  Thn«:  the  tnore  permeahle  textnre  and  miuor  thick- 
ness of  the  epiderm  in  the  Triony cider  suggest  the  aptness  of  the 
skin  for  respiratory  iniiuence  on  the  blood,  analogous  to  that  of  a 
gilL  The  integument  of  the  under  side  of  the  body  in  these 
estuary  turtles,  which  seldom  leave  the  water  except  to  lay  their 
eggs,  is  highly  Tascular. 

Dr.  Sager  found  *  arranged  along  the  surface  of  the  tongue  of 
TrienyXf  and  somewhat  in  rows,  as  well  as  on  the  fauces  and 
about  the  rima  glottidis,  and  also  over  the  edges  of  the  comua 
hyoidea,  a  number  of  delicate  fringes,  resembling,  especiallj  on 
the  hyoid  arches,  the  fimbriated  gills  of  the  Menobranchus.' • 
Professor  Agassiz  remarks  that,  '  alter  seeing  this  Turtle  remain- 
ing under  water  for  half-an-hour  without  showing  the  least  sigu 
of  oppression,  it  seems  jilausibie  to  as^uln(  tliat  th<  Iriuges  may 
be  similar  to  the  internal  gills  of  Tadpoles,  not  only  in  their 
shape  but  also  in  their  lunctiou,'* 

In  the  Crocodile  (  Crocadilus  aeutus)  the  bronchial  tube  enters 
the  middle  of  the  lung  and  is  continued  for  a  short  distance  into 
its  substance  before  losing  the  cartilaginous  annular  structure. 


TABLB  SUOWUia  XHB  CArACTTY  of  THE  LTTKOS  COMPABBD  WtTB  THM  mMMUtt 

OF  THB  BODY.     CCC.  p.  283. 


Mode  of  LIfo 

Welpht  of 
Nxly 

the  Inni^ 

TeMudo  poiypiiem  us,  fcem. 

On  dry  ground  and 

CittHth  trimigm*,  km,  , 

in  sand  holes 

9S 

S5 

Id  dry  wocnIi,  under 

leaves 

19 

17? 

Ptj/chemjf$  rugttsa^  focm.  . 

in  water  and  on  land 

62 

22} 

11 

Cmatlenom  pnuu^hoHtcim, 

In  wntcr  nnfl  mud 

8 

\ 

Ch^jfiira  serpentina,  mos. 

In  water  and  mud 

65 

7 

10 

Trumyx  ferox,  foein 

In  water  and  mud 

76 

13 

■  occ.  VOL  t.  p.  SS-l*  ■  cocu.  qnoled  in  coa  ppw  S77,  S84. 

*  Jbid.  984. 
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sending  off  lateral  branches  :  it  then  abruptly  terminates  in  a 
dilated  elongated  passage,  similar  to  those  in  which  the  side- 
branches  open.  These  passages  correspond  with  the  primary 
diTiaions  of  the  pulmonary  cavity  in  the  Turtle,  and  the  air 
passes  from  them  by  nmnerous  round  apertures  into  the  smaller 
subdivisions  forming  the  cellular  structure  of  the  lung.* 

{93.  Larynx  of  Beptiles.  —  In  perennibranchiai  and  tailed 
Batraehia  the  glottis  is  a  simple  longitudinal  fissure,  fig.  a, 
in  the  middle  of  the  yentral  walb  the  pharynx,  each  ude  of 
which  is  commonly  strengthened  by  a  slender  portion  of  fibro- 
cartHage  (Amphiuma),  or  so  divided  as  to  represent  an  *  arytenoid  * 
and  a  *  laryngo-tracheal '  cartilage  (Protetui),  The  slit  opens 
into  a  small  membranous  cavity,  usually  kept  patent  by  lateral 
cartilages,  from  which  the  lungs  diverge  directly  in  Proteux, 
Amphijima,  and  Triton,  and  with  a  short  trachea  intervening  in 
Siren,  AxolotcSy  Mrnoponm,  and  Salamandra,  the  trachea  being 
either  membranous  or  with  f  eeble  rudiments  of  cartilaginous  rings. 

In  tailless  Batraehia  the  larynx  is  well  developed,  especially 
in  the  males.  There  is,  in  most,  an  annular  thyrocricoid  cartilage, 
which  supports  in  all  a  pair  of  large  arytenoids,  of  a  triangular 
shape,  the  apex  forming  the  upper  and  lateral  boundary  of  the 
larynx,  fig.  351,  ai  the  chorclB  Tocales 
stretch  transversely  from  one  end  of  the 
base  to  the  other,  and  are  wanting  only  in 
Pipa  and  Daetyhthra,  Above  and  below 
the  vocal  chords,  fig.  350,  c,  there  is  a 
mucous  pouch ;  and  between  the  chords 
there  is,  in  some  species,  a  cartilage.  The 
muscles  are  a  '  dilator '  and  a  *  constrictor 
rima)  glottidis,'  and  a  *  compressor  glottidis,' 
arising  from  the  cerato-branchials,  fig.  74, 
p.  91,  and  inserted  into  the  posterior  angle 
of  the  arytenoid:  by  bending  this  angle 
outward,  it  stretches  the  vocal  chords,  and, 
both  mnsdes  acting,  they  c<nnpres8  the 
larynx.  This  is  an  influential  muscle  in 
regard  to  the  voice  or  croak,  and  varies  with 
its  quality  in  different  species ;  it  is  want- 
ing  in  the  mute  Pipa,  In  Bomhinator  ignetia 
and  Ilyla  verrumsd  the  arytenoids  are  ob- 
tuse-angled and  nearly  cc^uiiatcrol  triangles.    In  Bufo  dnereus 
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they  are  more  acute-angled  and  directed  backward.    In  the  Toad 

(Bufo)  the  chordse  vocales  are  thin 
elastic  membranes,  and  in  two  pairs,  fig. 
35\,n  and  b  :  the  saoculi are  seen  to  be 
lodged  in  the  large  arytenoid  cartilagea 
The  males  of  the  common  and  edible 
Frogs  (^Rana)  have  two  submandibular 
8ac8>  the  male  Tree-Frog  {Hyla)  has 
one  such  sac, opening  by  a  straight  canal 
into  the  larynx,  and  susceptible  of  con- 
siderable distension  by  air  during  the 
croak*  All  these  diversitiesof  laryngeal 
stmctnre  affect  the  loudnesa,  deepness, 
or  sharpness  of  the  peculiar  Tocal  notes 
of  Frogs  and  Toads.  The  air  passes 
to  the  longs,  fig.  350,  ^,351,  d,  by 
short  bronchi^  fig.  350,/,  save  in  the 
Fipa^  in  which  the  bronchial  tubes  are  long,  espeoiallj  in  the 
female. 

The  glottis  in  Serpents  can  be  drawn  forward  and  protroded 
from  the  mouth  by  the  action  fji  the  ffenioiraeheakg  muedei^ 
fig.  147,  y,  p.  229.  In  marine  serpents  the  glottis  b  situated 
Tery  near  the  forepart  of  the  mouth,  and  the  aur  can  be  inspired 
at  the  surfiiee  witiiout  exposure  of  the  jaws.  The  upper  rings 
of  the  trachea  coalesce  to  form  a  cricothyroid  cartilage,  sending 
forward  two  processes  which  represent  tiie  arytenoids  in  many 
Ophidia ;  but  which  are  freely  articulated  therewith  in  the  great 
constrictors.  The  'processus  cpiglotticus '  is  subquadrate  in 
Boeu  True  *chord»  vocales'  are  absent;  and  the  voice  is 
reduced  to  a  hissing  sound  produced  by  the  action  of  the  expired 
air  upon  the  margins  of  the  glottis.  The  rings  of  the  trachea 
are  entire,  and  the  trachea  varies  in  length  in  different  ser- 
pents before  it  reaches  the  lung.  Along  this  it  continues,  of 
decreasing  breadth,  with  portions  of  the  rings,  as  if  incrusted  in 
the  pulmonary  parietes,  for  an  extent  varying  in  different 
serpents. 

In  Lacertians  a  cricothyroid  cartilage  supports  a  j)air  of 
arytenoid  cartilages :  in  most  there  is  a  cartilaginous  or  os.^^eous 
'processus  epiglotticus,'  whichj^in  a  few,  coexists  with  au  incom- 
plete epiglottis.  The  mucous  membrane  of  the  glottis  is  reflecteil 
over  the  arytenoids,  forming  a  dej)rcssion  l)eneatli  thcin,  and  folds 
with  free  margins :  these  '  vocal  chords  "  are  Ijroad  in  the  Chame- 
leon and  Gecko,  and  stretch  from  the  base  of  the  arytenoid  to  the 
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inner  snrface  of  the  cricothyioicL  In  Lacerta  and  Ascalahotes 
the  oorresponding  fold  u  very  narrow,  and  the  chirping  call-note 
of  the  Gecko  may  depend  rather  on  the  vibration  of  the  margins 
of  the  glottis  than  on  the  YOcal  folds,  which  cannot  be  brought 
into  contact  or  be  made  tense.  In  the  Chameleon,  the  lining 
membrane  of  the  larynx  is  produced  between  the  cricotliyroid  and 
first  tracheal  ring  into  a  pouch*  In  the  Stellio  of  the  Levant  the 
tracheal  rings  are  osseous :  in  most  Lizards  they  are  cartilaginous. 
The  trachea  is  remarkable  for  its  width  in  Ph^fdaetyluB  ptUaiuM, 
but  the  diameter  is  reduced  to  one  half  in  niiydaefyku  vittaius. 
In  the  Chameleon  and  most  other  Lacertians  it  is  still  narrower. 

Amongst  the  Chdonia  the  Hawksbill  Turtle  {Chehne  mhrieata) 
shows  a  glottis  undefended  by  retroverted  papilla^  or  by  an  epi- 
glottis, but  capable  of  being  accurately  closed  by  its  constrictors. 
The  thyroid  cartilage  in  all  Qielonia  is  distinct  from  the  cricoid: 
the  arytenoids  are  triangular,  and  ihdr  inner  facet  is  large  in 
JSn^s  and  TeUudo.  The  ordinary  sound  produced  by  the  larynx 
of  the  Chehma  is  a  sort  of  hiss.  The  European  fresh-water  Tor- 
toise emits  a  low  piping  note,  and  Agassiz  records  the  same  fact  in 
regard  to  some  North  American  Emydians.^  In  Chehme  my  dot  the 
*  rima  glottidis '  supports  on  each  ride  a  mucous  fold,  whi<^  serves 
to  produce  a  low  grunt  or  bark  at  certain  seasons.  In  some  Tor«- 
toises  (TVftedb  tabulata,  T.  elephantopus)  a  triangular  membrane 
ascends  from  the  base  of  the  la^nx  to  the  '  rima,'  diriding  it  into 
two  parts.  The  rings  of  the  trachea  are  entire  and  cartilaginous : 
in  some  species  the  trachea  bifurcates  half  way  towards  the 
lungs,  the  bronchi  being  u{  great  length,  and  one  of  them  usually 
describing  a  large  curve :  in  Testudo  groica  tlie  left  bronchus  is 
three  fourths  longer  than  the  tracheal  trunk ;  but  in  Testiuh 
couet  the  trachea  is  one  fourth  lonj^er  than  the  bronchi.  The 
production  of  tlie  snout  in  tlie  Ti  iuin/cidat  enables  the  terminal 
nostrils  to  l)c  i  aised  above  the  surface  of  the  water,  to  respire, 
without  exposure  of  the  animal. 

In  the  N  ilotic  Crocodile  the  mucous  membrane  is  ]  )  (  luccd  into 
a  fold  on  each  side  the  *rima  f.'l()ttidis  :  *  the  fiM-  dt  *  ]h n  :i>  tliey 
extend  backward,  and  are  produced  into  a  pair  ut  jwinted  pro- 
cesses abuve  the  arytenoids.  The  broad  cartilnrrlnous  j)latc  of 
the  baisihyal  rises  in  front  of  the  glottis  like  an  epiglottis.  On 
divaricating  the  rimal  folds  they  are  seen  to  bound  a  wide  pouch 
anterior  to  and  above  the  true  *  aditns  laryngis,*  which  is  much 
shorter  than  the  *  rima.'  The  thj-roid  and  cricoid  coalesce  to  form 
one  annular  cartilage  supporting  the  pair  of  arytenoids.  The 
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membrane  covering  these  foims  a  wide  depiesnon  anterior  to  and 
below  them,  before  being  contuined  as  ohordiB  Toeales^  along  tbe 
posterior  half  of  each  nde  the  *  aditua  laryn^*  These  '  chords ' 
operate  in  producmg  the  *  bellow '  of  the  Cimsodile,  a  loud  soimd, 
between  barking  and  roaring. 

The  trachea  in  the  Nilotic  and  some  other  kinds  of  Crocodile 
forma  a  bend  or  loop  before  diyiding  into  the  bronchi :  this  Io<>i> 
is  not  found  in  ihe  Alligator  or  GaviaL  The  erectile  atmctore  otf 
the  single  tcgomentaiy  nostril  in  the  Gaioal^  aerres,  like  the  abort 
proboscu  of  the  Trionyg,  to  enable  the  aqaatic  reptile  to  breadie 
the  air  with  more  safety* 

{  94.  Respiratory  acH<ms  of  RepHkt^ — The  lungs  in  Bairaekia 
being  suspended  in  a  common  thoracic-abdominal  caTity,  without' 
the  costal  or  diaphragmatic  mechanism  of  expansion^  are  filled 
with  air  by  acts  of  deglutition. 

The  hyoid,  fig.  350,  b,  is  depressed;  the  pharynx,  ib.  is 
dilated:  the  air  enters  by  the  nostrils,  and  its  return  is  prevented 
by  their  intcruul  \alvular  folds,  and  by  the  application  of  the 
ton^aie,  ih.  r/,  against  their  palatal  openings.  The  contraction  of 
the  throat-niu.scles  and  retraction  of  the  eyeballs  send  the  air 
backwanl,  the  gullet  contracts,  the  glottis  opens,  and  the  air  ii» 
driven  through  the  l)ronchi,/,  into  the  lungs,  //.  If  the  mouth  of 
a  Frog  be  kept  foreildy  open  it  is  soon  asphyxiated,  the  essential 
respiratory  acts  being  i)reventcd :  if  a  brcaeli  be  made  in  the 
abdominal  walls,  and  tbe  act  of  deglutition  can  be  perlormcxl,  rhc 
lungs  arc  inflated.  Expiration  is  perfonued  by  the  elasticity  ci" 
the  pulmonary  parietes,  whicli  i-  such  as  to  quite  eni|)ty  the  Iuiilt 
and  reduce  it  to  the  size  of  a  small  pea^  the  abdomen  being 
opened. 

The  lungs  of  Chelonia  being  lodged  in  a  cavltv,  the  capacity  of 
which  is  only  affected  by  the  retraction  and  protrusion  of  the 
limbs  aTi(l  tail,  appear,  also,  to  be  filled  with  nir,  chiefly  by  arts 
of  deglutition.    These  are  so  habitual  that  '  the  working  of  i  he 
throat '  continues  when  the  Turtle  is  immersed  in  water;  and 
Hunter  was  led  by  observing  this  circumstance,  to  relinquish  the 
idea  of  its  being  a  respiratory  act.    It  is,  in  fact,  in  the  Ckelmiia 
in  which  the  plastron  remains  unfixed  by  bone  to  the  carapficc 
{Chelme,  Triom/x)  that  respiratory  acts  due  to  movements  of  the 
thoracic-abdominal  walla  are  most  conspicuous.    *  If  a  Turtle  be 
thrown  upon  its  back,  and  makes  an  ins])irat!on,  we  may  obscT  ve 
.  that  its  four  fins  are,  as  it  were,  erected  \  the  breast-bone  ia  pusli  ed 
forward,  and  the  cavity  swells  out  wherever  the  parts  are  soft.  A\\ 
this  ia  done>  I  conceive,  by  the  muscles  of  the  extremities  moving 
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their  respective  bones  in  an  inverted  order:  instead  of  their 
moving  the  extremity,  tlie  extremity  l)ecome8  the  fixed  point; 
the  bones  answering  to  the  clavicles  are  moved  forward,  and  the 
bones  of  the  pelvis  at  the  lower  part  are  pushed  against  the  inside 
of  the  breast-bone,  so  that  the  whole  bone  is  pushed  out.  Tkey 
appear  to  draw  in  their  brenth  but  once  in  twenty  minuteB  or 
half-iui-hour,  and  often  at  a  much  longer  interval.* ' 

It  is  probable  that  such  respiratory  actions  could  not  be  per-* 
formed  by  the  animal  when  swimming  and  diving;  and  it 
certain  that  auch  actions  of  the  limb-maacles  could  not  cileet 
any  motion  of  the  breast-bone  in  the  great  proportion  of  the 
Chelonian  order,  in  which  the  pUistron  is  fixed.  The  capacity 
of  the  thoracic-abdominal  cavity  may  be  Blightly  affected  by  the 
movements  of  the  limbs  acting  on  the  soft  walls  at  its  fore  and 
and  back  parts,  fig.  149,  p.  233;  the  diaphragmatic  muscles, 
figs.  150, 151,  42,  may  cooperate;  but  respiration  goes  on  when 
the  limbs  are  motionless,  and  apparently  by  acts  of  deglutition,  as 
indicated  by  the  '  working  of  the  throat.* 

In  Ophidia,  ZfOcerHlia,  and  Crocodilia,  respiration  is  performed 
by  the  expansion  and  contraction  of  the  more  movable  parts  of 
the  parietes  of  the  cavity  contiuning  the  lungs :  for  this  being 
dilated  the  air  rushes  in  by  the  only  available  passage,  tIz.  the 
glottis  and  windpipe,  to  the  lungs.  The  articulations  of  the  ribs 
in  serpents  allow  of  their  rotation  forward  and  backward,  and 
even  of  a  slight  diTarication  of  the  two  ribs  of  each  pair.  This 
mechanism  and  the  muscles  concerned  in  working  it  are  described, 
pp.  55,  56,  224,  figs.  143, 144.  To  whatever  degree  the  visceral 
cavity  may  be  so  expanded,  the  air  enters  by  the  nostrils  or 
glottis,  if  they  he  open  and  free;  and  a  general  expansile  or 
inspiratory  movement  may  then  be  noticed.*  But  the  great 
length  of  the  thoracic-abdominal  cavity  and  the  numbers  of  pairs 
of  moveable  ribs  — in  some  serpents  three  hundred  pairs  —  are 
associated  with  partial  enlargements  and  contractions  of  the 
cavity,  effecting  corresponding  changes  in  the  long  pulmonary 
bag,  without  affecting  the  total  volume  of  air  in  it,  if  the  glottis 
be  not  in  communication  with  the  outward  air,  either  directly  or 
through  the  medium  of  the  nostrils.  Schlcgel  has  observed  about 
thirty  such  partial  dilatations  of  the  trunk  and  lung  between  two 
inspiratiuns.'  When  the  Constrictors  swallow  their  prey  the 
glottis  is  protruded  from  the  moutli :  this  may  be  a  consequence  of 
the  pressure  exercised  on  the  parietes  of  the  greatly  distended 
mouth,  and  may  not  relate  to  tlie  necessity  of  directly  receiving 

*  CCTZZvi*  voL  ii.  p.  348.        '  cclxxxv.        *  ocxzxiv.  torn.  i.  {».  dS. 
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ftir  durinpr  the  period  occupied  by  the  rotatory  transit  of  the  prey 
to  the  gullet :  it  is  more  j)i'obable  that  at  this  time  the  trac  hea  ii 
H(iucezed  flat,  and  the  air  in  the  hinder  reservoir  of  the  largest 
lunj^  may  serve  to  keep  up  tlie  small  amount  of  rcf^piratiou  neede^l 
during  the  passage  of  the  prey  to  the  stomachy  the  snake  being 
then  at  rest  and  almost  torpid. 

In  Lizards  and  Crocodiles  certain  pairs  of  vertebral  ribs 
(pleurapophyses)  at  the  forepart  of  the  thoracic-abdominal  cavity 
vrticulate  with  sternal  ribs  (hsmapophjses),  the  bony  arches  being 
completed  by  the  sternum  below.  The  pleurapophysiey  fig.  49,/ 
(p.  57),  forms  an  angle  directed  backward  at  the  joint  with  the 
hiemapophysis,  ib.  s,  the  muscles  raising  or  drawing  outward  and 
forward  the  iijjper  rib  open  the  angle  between  it  and  ^e  lower 
one ;  and  the  head  of  the  rib  being  fixed  to  the  vertebra,  the 
sternum  yields,  is  depressed,  and  both  the  vertical  and  transverse 
diameters  of  the  cavity  containingr  the  lungs  are  increased. 
Consequently  the  air  enters  the  pulmonary  cavities.  By  the 
contrary  actions,  the  thoracic-ai)dominal  cavity  is  contracted,  and, 
the  elasticity  of  the  pulmonary  parietes  aiding,  the  air  is  expelled. 

In  the  Crocodile  the  increase  in  the  number  of  the  complete 
stemo-costal  arches,  fig.  66,  \,  s,  s,  &c.  (p.  68),  gives  greater  efiTect 
to  their  respiratory  movementB :  and  the  muscular  fibres  attached 
to  the  midriff-like  sheets  expanded  upon  the  hepatic  lobes,  maj  aid 
in  making  the  general  expansion  of  the  thoraci&«bdominal  cavity 
tell  more  directly  upon  the  lungs. 

Almost  all  the  Lacertilia  and  Batracbia  have  the  peculiarity 
of  inflating  their  lungs,  when  they  are  under  the  influence  of  icai 
or  of  some  other  excitement:  in  the  Chain.cleon.  as  well  as  in 
Pulychrus  and  many  other  Iguanoids,  the  expans'uHi  of  the  trunk 
consequent  thereon  aids  in  {)roducing  the  rcmurkal»le  change  of 
colours  to  which  we  shall  recur  in  the  chapter  on  the  integu- 
ments. 
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CHAPTER  VIIL 

UBINABY  SYSTEM  OF  HJEMATOCKYA. 

§  95.  Kidneys  of  Fishes, — In  all  Vertebrates  an  excretory 
or«^iin  is  very  early  developed  in  the  form  of  a  tube,  exteiKiing 
from  each  side  of  the  cloaca  forward,  along  the  dnr.NMl  region  of 
tlie  abdomen,  close  to  the  spine,  where  it  comnuinicates  with  a 
number  of  sle?ider  blind  tubes  ])]u(  (d  at  right  angles  to  it;  the 
lonp^tndinal  trunk-tnim  serving  ad  the  excretory  duct  of  the 
shorter  transverse  secerning  cseca.  These  glands  are  transitory  in 
the  air-breathing  Vertel)rate.s  and  are  called,  from  tlieir  discoverer, 
*  corpora  Wolffiana ;  *  they  are  persistent  in  fishes '  and  are 
called  *■  kidneys/  fig.  352^  n :  in  both  they  are  renal  organa  and 
accrete  urine. 

A  slightly  opaque,  slender,  elongated  glandular  body^  in  the 
situation  marked  h  in  fig.  169,  may  represent  the  renal  organ  in 
Branchhttoma*  The  structure  of  this  organ  is  more  obvious  in 
the  Myxinoids :  it  is  double :  each  long  duct,  fig.  353^  l,  a,  as  it 
extends  from  the  cloaca  through  the  abdominal  cavity,  sends  off, 
at  regular  but  distant  intervals  from  its  outer  side,  a  short  wide 
tube,  ib.  by  which  communicates  by  a  narrow  opening  with  a  blind 
sac,  ib.  At  the  bottom  of  this  sac  or  caecum  there  is  a  small 
vaso-gangllon,  fig,  353,  s,  D,  free  on  all  sides  save  that  by  which 
the  vessels,  ib.  a,  enter,  and  ib.  V  <iuit  it:  there  are  no  urlni- 
ferous  tubes  in  this  vaso-ganglion :  the  contents  of  the  ciecum 
must  react  through  its  thin  parietes  and  those  of  the  ca|)illaries 
with  which  it  is  in  contact  upon  the  blood  in  those  capillaries,  and 
extract  therefrom  the  azotised  uric  principle.  Analogous  vascu- 
lar bodies,  formed  chiefly  by  convoluted  tufts  of  arterial  capilla- 
ries, are  present  in  the  Wolfhan  bodies  of  Mammab,  aud  in  the 
pernstent  renal  organs  of  all  Vertebrates.  They  are  called,  after 
their  discoverer,  '  Malpighian  corpuscles,'  and  the  uriniferous 
tubes  take  their  rise  by  a  sacciform  blind  beginning  applied  over 
the  vascular  tuflb  or  ganglion.* 

The  combined  secerning  cieca  and  vaso-ganglia  form  in  the 

'  cxxx.  iL  p.  314.  *  XXI.  p.  13.  *  Gxxxvii. 
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Lampreys  *  a  continuous  narrow  elongated  gland,  which  extends  in 
their  young  or  Ammocete  condition  throughout  the  abdomen,  but  in 
the  full-grown  fish  (^Petromyzoii)  along  the  posterior  two  thirds :  in 

both  being  confined  to  the 
dorsal  part  of  the  cavity, 
fig.  354,  g.  The  ureters, 
ib.  Cy  open  into  the  short 
canal  leading  to  the  pa- 
pillary production  of  the 
peritoneal  outleta  close 
to  the  anus.' 

In  most  Osseous  Fishes 
the  kidneys  are  long  and 
narrow,  and  extend 
through  the  whole  or  a 
great  part  of  the  dorsal 
region  of  the  abdomen, 
firmly  attached  to  the 
vertebral  column  ;  they 
are  usually  broadest  and 
thickest  anteriorly , where 
they  sometimes  present 
a  lobulated  surface  ;  they 
contract,  approximate, 
and  frequently  blend  to- 
gether as  they  extend 
backwards  (  Cyclopterus) ; 
sometimes  penetrating 
the  haemal  canal  in  the 
tail.  In  the  Gymnotus 
the  kidneys  are  distinct 
and  thickest  at  their  pos- 
terior ends,  as  they  are 
in  the  Gurnard,  fig.  379, 
A,  and  in  most  Sharks. 
The  kidneys  have  not 
a  well-defined  capsule 
in  Osseous  Fishes,  but 
their  ventral  surface  is  immediately  covered  by  an  aponeurotic 
membrane,  against  which  the  peritoneum,  and  the  air-bladder 
when  present,  are  applied.    The  renal  tissue  is  soft  and  spongy, 

'  In  retromt/zon  marinus  the  diameter  of  the  tubuli  nrinifcri  is  of  an  inch,  that 
of  the  capillaries  of  the  kidneys  being  Xboi]*^  of  an  inch.  '  xx.  iv.  pi.  56,  fig.  !,€. 
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firmest  at  the  fore-port  of  the  gland ;  nanallj  of  a  reddish-brown 
colour ;  sometimes  soaked,  as  it  were,  with  dark  pigment.'  It  is 
supplied  by  numerous  small  arteries  from  the  abdominal  aorta,' 
which  form  Malj^hian  oorpusdes;  but  these  are  fewer  in 
number  and  less  oomiilez  than  in  the  true  kidneys  of  higher 
Vertebrates.  The  primary  branches  of  the  tubuli  uriniferi,  g^ven 
off  from  the  long  ureter,  are  extremely  numerous ;  their  divisions 
in  the  renal  substance  are  comparatively  few ;  they  are  in  most 
fishes  convoluted  and  of  equal 
diameter,  extending  through  the 
whole  renal  substance,  which 
shows  no  distinction  of  cortical 
and  medullary  parts,  and  has 
neither  *  pelvis'  nor  *  mammil- 
1» :  *  they  are  lined  by  a  ciliated 
epithelium.  Sometimes  a  single 
common  ureter  quits  the  coa- 
lesced hinder  ends  of  the  kid- 
neys, as  in  the  Pike,  and  termi- 
nates in  a  urinary  bladder.  More 
frequently  the  essentially  duplex 
nature  of  the  kidneys  is  niani- 
fested  by  the  emergence  of*  two 
ureters  from  the  ventral  i^iirrace 
of  their  jHJsterlor  ends  when  these 
have  coalesced  :  in  sume  fishes  the  _ 

,  f>  .1-  The  anterior  extremity  of  the  kldner,  Mddl^ 

ureters  umte  tofljcther  alter  quit-  «»«»«»«.  xxi.  *.  x»i|iiKhtau  umi^  aua  iu  biiwd- 
t'lnfr  the  kidneys, and  terminate  by 

a  common  gradually  widening  canal  in  the  urinary  bladder;  some- 
times they  enter  the  urinary  bladder  separately,  as  in  the  AVolf- 
fish,  where  they  both  terminate  on  its  left  side,  half  an  inch  above 
the  cervix:  rarely  arc  any  smaller  accessory  ureters  seen,  as  e.g. 
in  the  Stickleback,  to  terminate  also,  separately,  in  the  bladder. 
This,  in  a([uatic  animals  apparently  needless,  recei)tacle  of  a  fluid 
excretion  is,  nevertheless,  rarely  absent  iu  Osseous  Fishes  ;  the 
Pilchard,  the  Ilerrinir.  and  the  Loach  arc  among  the  few  instances 
where  it  is  not  dcvelo[)ed.  In  the  Loach  a  very  short,  iu  the 
ITerring  a  long,  common  ureter  terminates  behind  the  anus.  In 
the  Gymnotus  the  common  ureter  is  so  wide  as  to  serve  as  a 
rcce[>tacle,  and  it  is  directed  forward  to  reach  its  tenmuation 
immediately  behind  the  advanced  vent. 

The  urinary  bladder  is  sometimes  round,  fig.  37 9>  sometimes 

'  Am  in  LepidotireD,  zzxm.  p.  849.  *  Hnnter,  vn.  toL  U.  p,  lis. 
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oval  or  pyriform,  often  bifid  at  ita  fundus,  or  two-horned ;  it  b 
largest  in  those  fishes,  as  the  PleuronectidfP,  Lophius,  Orthafjoriscus, 
and  Cychpterus,  in  which  the  air-bladder  is  absent.  In  CaNj/ony- 
mus  the  bifid  urinary  bladder  extends  the  whole  length  of  the 
abdomen.  It  always  lies  behind  the  rectum,  generally  receives 
the  ureter  or  ureters  nearer  ita  fundus  than  its  cervix,  and  the  latter 
is  prolonged  usually  into  a  prominent  papilla  behind  the  vent. 
The  long  cervix  vesicaj  in  the  Salmon  is  surrounded  by  a  venous 

plexus.  In  the  Sturgeon  the  wide 
ureters  extend  along  the  outer 
borders  of  the  kidneys,  and  re- 
ceive the  vasa  deferentia  or  the 
oviducts  in  their  course  towards 
the  cloaca,  where  they  unite  into 
a  short  duct  which  forma  the  com- 
mon outlet  of  the  urinary  and 
generative  products. 

The  kidneys  are  long,  narrow, 
but  distinct  from  each  other  in 
all  the  Ganoid  Fishes  and  in  the 
Lepidosiren.  In  the  Lophius  the 
kidneys  present  a  more  compact 
form,  and  are  situated  wide  apart, 
far  forwards  in  the  abdomen,  b 
depressions  on  either  side  of  the 
origins  of  the  *  retractores  palatL' 
The  kidneys  of  the  Plagiostomes 
are  also  of  a  more  compact  form 
than  in  Osseous  Fishes,  and  are 
always  distinct,  and  generally 
show  a  cerebriform  convoluted  or 
lobulated  .exterior :  the  primar}' 
branches  of  the  uriniferous  tubes  are  fewer,  and  their  dichotonioiis 
ramifications  more  numerous:'  the  ureteric  trunk  becomes  superficial 
along  the  inner  and  fore-part  of  the  hinder  half  of  each  kidney ; 
after  quitting  which  it  dilates  in  the  Grey  Shark  {Galeus)  into  a 
kind  of  receptacle,  fig.  352,  w,  behind  each  oviduct  or  vas  deferens, 
and  communicating  with  its  fellow  near  the  cloaca,  terminates  by 
a  single  urethral  canal  upon  a  kind  of  penis  or  clitoris,  ib.  o, 
at  the  back  of  the  anus,  within  a  large  common  cloaca.  In  the 
Torpedo,  the  ureters  terminate  on  the  cloacal  papilla  by  two  dis- 

•  In  tlic  Ray,  the  dinmeter  of  the  terminal  branches  of  the  tubuli  urinifcri  ore  T^th 
of  an  Inch,  that  of  the  capiHury  renal  arteries  being  i^th  of  an  inch. 


Kldncjr  »nd  pcnerntlvc  nrfrnnr,  Liunpivy  (Pttro- 
myzon  marinu*).  XX. 
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tinct  orifices.'  In  the  Skate  and  Thornback  each  ureter  terminates 
in  the  neck  of  a  short  hifid  bhidder  :  these  open  hy  a  common  urethra 
upon  the  cloacal  ]»apilla.  The  Lepldosircn  has  a  small  urinary 
bladder  situated  behind  the  rectum  and  in  front  of  the  oviducts :  the 
ureters  do  not  communicate  directly  with  it,  but  terminate  sepa- 
rat<?ly  on  small  papillae  in  the  o\'idiical  compartment  of  the  cloaca.'* 
With  regard  to  the  circulation  in  the  kidney  of  those  Fishes,  as 
e.  g.  the  Plapriostomes,  the  Lophius^  ajid  the  Lcpidosiren,  in  which 
the  organ  is  he>t  detined,  the  vein  on  the  outer  side  of  tlie  kidney 
which  receives  blood  from  the  tail,  the  abdominal  parietcs,  nm]  tlie 
generative  organs  has  so  far  the  aspect  of  a  *  portal  *  or  iuiercnt 
vessel,  that  a  second  and  hirger  vein,  whose  roots  take  their  rise 
ill  part  from  the  renal  substance,  extends  from  tlio  inner  and  fore- 
2)artof  the  kidney  to  convey  its  blood  to  tlic  postcaval  vein.  The 
exterior  vein  is  not,  however,  cmnjilt  tely  exj>ended  in  the  kidney, 
but  i'^  also  continued  forwurd  i'rom  tlie  anterior  end  to  join  the 
veins  from  tlie  anterior  alMlominal  parictcs,  and  sometiiues  those 
from  the  pectoral  tins.  In  ail  Fislie?  the  kidneys  maintain  the  same 
relations  with  the  cardinal  veins  that  their  transitory  homologuea 
the  *  Wolflfian  bodies  *  do  in  the  embryo  of  higher  Vertebrates. 

§  96.  Kidn^s  of  Reptiles, — In  this  class  the  kidneys  are  always 
a  distinct  pur^  and  are  more  circumscribed  in  form,  and  more 
compact  in  structure  than  in  Fishes ;  but,  as  in  them,  the  renal 
tissue  is  uniform,  not  divided  into  *  cortical  *  and  *  medullary  *  parts. 

In  the  Siren  each  kidney  is  a  long,  oval,  subcomprcssed  body, 
tapering  anteriorly  to  a  point  situated  in  the  hind  part  of  the 
abdomen^  dorsad  of  the  rectum^  with  an  entire  inTestment  of 
peritoneum  reflected  upon  their  inner  edges,  where  they  receive 
Biuall  arteries.  The  ureters  enter  the  back  part  of  the  cloaca,  from 
the  fore  part  of  which  is  developed  a  small  allantoid  or  urinary  blad- 
der. The  kidneys  of  ^mpAtuma  resemble  those  of  Siren*  In  the 
Menopoma  the  kidneys  are  relatively  longer,  extending  nearly  the 
whole  length  of  the  abdomen  on  each  side  of  the  vertebral  bodies. 

In  the  Newt  the  kidneys  are  less  elongate,  and  their  forepart 
becomes  ao  ihin  and  transparent  that  it  lends  itself  favourably  to 
microscopical  ezamination.  The  ciliated  epithelium  continued 
from  the  uriniferous  tubule»  terminates  abruptly  shortly  after 
entering  the  Malpighian  capsule,  fig  355,  epi  the  basilemma 
of  the  capsule,  hm^  beyond  the  termination  of  the  ciliated 
epithelium,  appears  to  be  unclothed :  it  is  a  homogenous,  trans- 
parent, structureless  substance,  perforated  by  the  inferent  and 
efierent  vessels,  and  not  reflected  over  them.   The  inferent 

<  czzxn.  *  xxxiii.  pi.  27. 
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Teasel  dilates  on  entering,  forms  a  few  ooUs,  agun  eontnets,  and 

becomes  the  efferent  TesaeL'  In  tlie 
Frog  the  kidneys  {Nraaent  a  more 
oompaot  form;  they  are  flattened, 

subeloiigate,  with  a  convex  oater 
border  and  a  nearly  strai^t  innv 
one,  fig.  331,  K,  A.  They  are  sitoated 

at  the  pelvic  end  of  the  abdommsl 
cavity  behind  the  rectum  and  allantoid 
bladder :  the  peritoneum  coveriiu: 
only  their  sternal  siiriacc.  The  renal 
capilhirios,  derived  from  the  reni|K>rial 
vein,  ib.  K,  ramify  tlirouixh  the  gland  to 
reach  the  Mali)ighiau  capsule,  fig.  356, 
f:  in  the  specimen  figured,  by  Bowman,* 
under  the  magnifying ]K)wer  of  320  dia- 
meters, the  part  where  the  capillaries  enter  (near  f)  is  obscured  1  y 

an  uriniferoua  tube.  On  enter- 
ing, the  capillary  enlarges  and 
forms  a  few  coils,  /w,  vvhich  lie 
bare  in  the  capsular  cavity.  Tiie 
lemma  begins  to  receive  an  e|>i- 
tlielial  lining  at  y,  /*,  which 
increases  in  thickness  to  the  ua  V 
of  the  tubule,  d,  d,  and  is  covered 
by  cilia:  these  may  maintxn 
their  motions  hours  after  the 
death  of  the  Frog.  The  urim- 
ferous  tubules  form  by  succes- 
sive  unions  the  ureter,  which 
opens  into  the  urogenital  toor 
partment  of  the  cloaca,  opposite 
the  orifice  of  the  large  bi£d  al- 
lantoid bladder,  the  contents  of 
which  are  mainly  water. 

In  Serpents  the  kidneys,  fi^ 
357,  t,  t,  partake  of  the  usosl 
elongated  form  of  the  Tiscen. 
and  are  subdivided  into  numenNtf 
flattened,  overlapinng  lobes,  so 
as  readily  to  accommodate  tbem- 
selves  to  the  flezuosities  of  the 
part  of  tiie  trunk  in  which  tbej 
exMxm,  *  lb. 
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are  lodged.  In  most  Sor[)ent8  they  are  unsymmetrically  situated ; 
the  left  in  Coluber  luttrix,  e.j*.,  bein^^  one-fourth  of  its  length 
nearer  the  cloaca  than  the  right  kidney ;  and  they  are  loosely 
attached  to  the  dorsal  abdominal  walls.  Each  renal  lobe  is  so 
distinct  that  it  may  be  regarded  as  a  separate  kidney  or  renule : 
it  ia  reniform  in  Fython  and  Boa,  and  is  principally  composed  of 
the  ramifications  of  the  renal  artery^  the 
reniportal  and  renal  yeins,  and  the  nrini- 
ferou8  tubules  with  their  initial  (Malj3i- 
^hian)  capsules.  The  artery  of  the  renule, 
entering  at  the  notch  or  *  hilum,'  repre- 
senting the  pelvis,  disjtributes  its  branches 
f anwise  through  the  middle  of  the  sub- 
stance: each  branch,  fig«  358,  a,  sends 
twigs  to  the  Mali)ighian  capsule  which 
form  within  it  the  dilated  plexns,  ana- 
logous to  that  in  fig.  3669  whence  the 
blood  is  returned  by  the  efferent  vessel, 
in  the  direction  of  the  arrow,  to  the 
branch  of  the  reniportal  vein,  fig.  358, 
py  VI  these  branches  being  distributed 
fan-wise  over  both  surfaces  of  the  flat- 
tened renule.  In  this  course  they  com- 
municate with,  or  help  to  form,  a  rich 
venous  plexus,  ib.  7),  surrounding  the 
tul)uli  uriniferi,  ib.  and  communicating 
with  the  branch  of  the  renal  or  emulgent 
ib.  Vy  which  accompanies  the 
artery,  in  the  mid-substance  of  the 
renule. 

The  tnbuUj  ib.  continued,  as  in  fig. 
356,  from  the  capsule  of  the  '  Malpigliian 
body,'  after  some  couYolutions,  pass  to  the 

surface  next  which  the  *  body '  is  placed, 
and  terminate  in  a  branch  of  the  ureter, 
ttr,  there  situated :  these  superficial 
branches  arc  dispersed  fan-wise,  converg- 
ing to  the  *  hilum,'  and  are  often  seen 
injected,  as  it  were,  by  the  opake  white  pultaceous  urinary 
excretion.  The  Malpigliian  bodies  diminish  in  size  and-the  tubuli 
in  length,  towards  the  thin  edge  of  the  renule. 

Thus,  on  each  superficies  of  the  flattened  renule  are  the  radiating 
ramuli  of  the  ureters,  ttr,  and  reui-portal  veins,  pn ;  whilst  along 
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the  plane,  midway  between  these  aurfftceSy  are  the  similarlj 
disposed  branches  of  the  renal  artery,  a,  and  renal  vein,  r.  Xke 
material  of  the  urinary  excretion  thrown  by  the  ejntiielial  <  •  lis  or 
bags  ficom  the  inner  aoiiaee  into  the  cavitjr  of  liie  urinifennis 

tabnles^  is  deiived  fiom 
the  rich  yenoua  plexus,  p, 
everywhere  in  contact  witb 
their  outer  surface :  the  sero- 
sity  exuded  from  the  dilated 
arterial  plexus  iii  the  ^lalj-i- 
[rhian  capsule,  proju  lled  }>)* 
the  ciliary  action,  dilute??  ai^d 
washes  out  the  excretioa 
from  the  tubulin  whence  it  is 
conveyed  by  the  Buperficial 
branches  of  the  nreteiB  to 
the  trunk,  or  ureter,  com- 
mon to  the  several  renulee, 
and,  by  the  ureters,  is  dis- 
charged into  the  cloaca.^ 
There  is  no  urinary  or  allan- 
toid  l)la(l  lcr  in  Serpents, 
The  kidneys  in  Lacertian*. 
301,  k,  fig.  332,  are 
shorter,  broader,  and  le>> 
subdivided  than  in  Serpents; 
situated  close  to  the  verte- 
bral bodies  at  the  hinder  part  of  the  abdominal  cavity  ;  they 
are  usually  pointed  at  their  forepart  {C^clodusy>  In  the  Ignana 
they  are  of  an  oblong,  subdepressed  form:  -dieir  atmctiire  k 
essentially  that  above  described  in  the  Boa.  The  ureter  runs 
superficiidly,  as  it  collects  its  tributaries,  along  the  free  or  ventrai 
surface  of  the  kidney,  and  terminates  in  a  slight  eminence,  pajnlla  or 
ridge,  close  to  the  genital  orifice,  in  the  urogenital  couipartuunu 
of  the  cloaca,  behind  or  dorsad  of  the  anus.  Anterior  to,  or  stcrnaJ 
of,  the  terminal  oiilice  of  the  rectum,  is  that  of  the  urinary  nr 
ailautoid  bladder,  of  large  si'/e  in  the  Iguana.  In  this  reptile 
Hunter  found  the  bladder  '  lilled  with  a  white  fluid,*  and  *  there 
were  small  calculi  in  it.' '  In  the  same  reptile  he  records  the  pre- 
sence of  'one  brown  calculus  in  each  ureter,  aknost  filling  the 
ducf 

*  Tha  iogmloiia  tad  lucid  ezpla&ition  of  the  ftmetkniB  of  tin  aiiants 

gi\'en  bj  their  discoTercr,  IMr.  Bownmn,  in  czzxm 

*  ooxzzTi.  vol.  ii.  p.  367.  *  Ibid. 
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The  fatty  appendages  which  are  attached  to  the  kidneys  or 
urinary  bladder  in  Batrachia,  Ophidia,  and  iMcertiUa,  attain  a 
remarkable  size  in  some  members  of  the  latter  order;  in  the 
JfjiKina  tuhcrcuJata  they  are  attached  by  a  narrow  process  to  the 
sides  of  the  bladder,  near  its  neck.^ 

In  the  Chelonia  the  kidneys  present  a  more  compact  form, 
and  their  surface  is  convoluted  through  the  disposition  of  the 
component  lobes.     They  have  the  same  low  pelvic  position  as 
in  Lizards,  but  are  smaller  in  proportion,  and  are  outside  the 
peritoneum.  In  the  Tortoise  (  Testudo  tahulata)  they  are  oblong, 
V)road,  thick,  subtrihedral  bodies:  in  the  Turtle  {Chelone  mt/das) 
they  arc  flattened  antenorly,  or  towards  the  abdominal  cavity, 
convex  where  they  rest  upon 
the    dorsal   wall.      In  JEtni/s, 
figs.  307  and  359,  O,  they  arc 
semioval.      The   tubuli  urini- 
fcri  pass  to  the  superficies  of 
the  lobules  and  there  fonn  the 
branches  of  the  ureter,  which 
unite  towards  the  mesial  border 
with  the  beginning  of  the  main 
duct,  ib.  N ;  this  is  short,  and 
terminates,  with  the  spermduct, 
C,  in  the  male,  in  the  uroge- 
nital  CavitV    at   F.     The  rectal  Jtoleori»n»ofBeDenaioii,MidkldiifljrolA«|» 

orifice  intervenes  between  this 

and  the  wide  opening  of  the  urinary  bladder,  ib.  X,  M".  This 
receptacle  is  proportioiudlj  smallest  in  the  marine  Chelonia 
{Chelone,  Trionyx):  in  its  contracted  state  it  presents,  in  Chelone 
mydeuy  thick  moscular  parietes  and  a  corrugated  internal  surface. 
In  terrestrial  and  fresh-water  Chelonia  the  bladder  is  relatively 
mnch  laiger,  and  with  thinner  walls.  In  many  it  is  bifid.  In 
Emydians,  besides  the  ordinary  bladder,  fig.  304,  n,  a  pair  of 
other  bladders,  ib.  u',  if',  communicate  by  wide  orifices,  behind 
the  ureters,  with  the  cloaca  (p.  447). 

In  the  CrocodUia  the  kidneys  are  of  an  oblong  oval  form;  the 
forepart  is  thickest  or  largest,  and  is  stemad  of  the  psoas  mnsde, 
the  hind  part  extends  into  the  side  of  tlie  pelvis ;  they  are  In 
contact  with  each  other  at  the  mid-line.  The  surfiuse  is  oonyo- 
Inted,  like  the  brain,  but  with  smaller  and  more  numerons  gym ; 
the  colour  of  the  kidney  is  usually  a  deep  brown.  The  ureters 
terminate  in  low  fia^llaB,  in  the  urogenital  compartment  of  the 

*  zz.ToLiU.  p.  SSl,  prep,      18S0  a. 
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cloaca  behind  the  genital  orifices;  the  forepart  of  the  cloic* 
is  slightly  dilated*  and  the  rectum  opens  therein  by  a  TalTolir 
protmsion. 

The  focmalion  and  disposition  of  the  reniportal  and  renal  or 
emulgent  yeins  have  been  previously  described. 

§  97.  Admudi  of  Hamatocrya, — ^The  bodies  called  '  supraxCTsl 
capsules,'  'renes  saocenturiat»/  'capsoUe  atrabiliaris/  &c.,  in  Hsu, 
may  be  represented  in  the  lowest  Vertebrates,  e.  g.  the  Myzinoids, 
in  the  form  of  a  pair  of  small  oral  lobulated  bodies  situated  in 
advance  of  the  kidneys,  and  dose  or  adherent  to  the  portal  sinus. 
In  the  lamprey  a  rriandular  body  lies  between  the  aorta  and  car- 
dinal vein,  adhering  to  the  coats  of  the  latter ;  but  it  baa  not  ^ 
characteristic  structure  of  the  adrenals  in  higher  Yertebratea.  In 
ordinary  Osseous  Fishes  the  adrenals  have  been  recognised  as 
roundish  bodies  of  a  light  grey  colour;  commonly  two,  rarely 
three  or  more  in  number,  situated  sometimes  near  the  middle, 
oftcner  at  the  hinder  ends  of  the  kuhieys,  at  or  near  the  entry  of 
the  haemal  canal ;  l)iit  in  tlie  I'^el  tliey  arc  found  whore  the  two 
kidneys  unite.  They  are  eonunonly  symmetrical  iu  positioo; 
but  in  the  genus  Scomber  one  adrenal  is  in  advance  of  the  other; 
and  in  P/>  nronrv/uhs  they  lie  both  on  the  same  side  of  the  body. 
Sometimes  they  lie  free,  sometimes  they  are  inihcdded  in  the  renal 
tissue :  tlu  y  usually  [lossess  a  proper  capsule,  and  present  s 
miuutelv  'n-anular  texture  without  distinction  of  cortical  and 
medullary  j)art8.  Their  surface  is  smooth  in  some  Fifhes,  irrejrrilar 
in  others ;  in  large  and  old  Pike  three  adrenals  have  been  seen  : 
but  in  the  young  (*  Jack,'  one  loot  I0T12:),  the  kidney  has  hfcn 
found  to  be  beset  with  a  number  of  small  adrenals.*  The  yellow- 
ish adrenals  of  the  Sturgeon  occur  as  niunerous  small  glandular 
bodies  studding  the  dorsal  surface  of  the  kidney.  Four  or  five 
similar  bodies  aie  sometimes  found  in  the  Skate;  but  more  com- 
monly in  Plagiostomes,  the  adrenals  arc  represented  by  a  single 
ehuii^ated  narrow  yellowish  and  lobulate  body,  situated  belaud  tlic 
kidney,  and  sometimes  extending  behind  the  dilated  ureter.'  The 
adrenal  in  Fishes,  whether  conij)acted  or  subdivided,  consists  of  as 
aggregate  (»f  lobules,  with  proper  capsules,  connected  by  looser 
connective  tissue:  each  lobule  consists  of  cells  of  about  ^oVoth  of 
an  inch  in  diameter,  containing  nuclei,  fat- globules,  and  m<^ecalar 
particles,  the  latter  being  mostly  aggregated  about  the  nucleus. 
Processes  from  the  lobular  capsule  pass  inward  and  insulate  the 
multinucleate  cells.  In  the  young  Pike  the  molecular-clothed 
nuclei  acquire  a  cell-wall,  become  liberated,  and  conYerted  into 
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new  multinucleate  cells.  In  old  Pike  this  multiplication  is 
Jirrested:  the  connective  tif?9ue  increases  in  quantity  and  (lon«;itv, 
und  the  multinucleate  cells  are  more  separated  from  eacli  other. 
'I'he  connective  tissue  and  the  ca])sulcs  which  it  forms  for  the 
adrenal  and  its  suhdivisions,  are  richly  supplied  with  blood-vessels. 

The  structure  of  the  adrenaLs,  however,  is  subject  to  great 
-variation  within  the  limits  of  one  and  the  same  species  in  the 
piscine  class.  The  following  modifications  have  been  observed  in 
the  Cod-fish  ^ :  1,  Very  rarely  the  adrenals  are  entirely  absent. 
2.  They  are  senufluid^  very  vascular,  not  encased  in  a  capsule, 
and  vnthout  defined  form;  the  blood-corpuscles  are  extremely 
numerous,  aggreixated  in  small  lumps,  and  in  various  stages  of 
transmutation.  3.  They  possess  a  j)roper  capsule,  being  more  or 
less  vascular.  4.  They  are  shrunk,  with  but  a  few,  or  without 
any  blood-vessels.  .3.  Not  rarely  a  part  of  an  adrenal  is  comjjosed 
of  cells  and  lo}>nlo«,  whilst  another  part  is  a  formless  conglomerar 
tion  of  molecular  particles,  fat-globules,  &c. 

Adrenals  are  entirely  absent  in  the  Herring  and  in  the  Launce 
{^Ammodytes  Tohianus), 

The  fish-like  Batrachia  resemble  some  Fishes  in  the  subdivided 
condition  of  the  adrenals ;  twenty  or  more  lobules»  showing  the 
above-described  structure^  may  be  found  partly  imbedded  in  the 
substance  of  the  kidney,  at  its  mesial  borderj  partly  between  the 
kidney  and  the  renal  and  postcaval  Tclns,  surrounding  the  coats 
of  the  efferent  veins  {Siren,  Triton).  In  the  Frog  and  Toad  tlie 
adrenals  appear  as  a  yellow  streak  on  the  sternal  aspect  of  the 
Ividucy,  arching  from  about  one  line  from  the  fore  end  to  within 
two  lines  of  the  hind  end  of  the  c^land  ;  it  shows  a  lobular  struc- 
ture, and  surrounds  the  etl'erent  enndgent  veins,  closely  adhering 
to  or  imbedded  in  the  coats,  as  they  leave  the  kidney  to  join  or 
form  the  postcaval  vein.  The  lobules  consist  of  groups  of  multi- 
nuclear  cells,  containing  a  greater  proportion  of  oil-globules  than 
in  Fishes :  but  both  the  free  nuclei  and  granules  are  present,  the 
former  sometimes  showing  stages  of  developemont  into  nucleate 
cells.  The  blood  is  supplied  chiefiy  by  branches  of  the  reniportal 
vein. 

In  the  Ophidia  the  adrenals  are  long,  slender,  lohulate  bodies, 
closely  adherent  to  tlie  coats  of  the  enndgent  veins,  in  advance  of 
the  kidneys :  in  a  Python  of  ten  feet  in  length  they  meaisure 
nearly  one  inch.  The  adrenals  are  rather  less  elongated  in  Anfjuis 
fragiiis*    The  adrenals  are  supplied  by  minute  brauches  from  the 

■ 
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ar»rta,  and  more  abundantly  by  vessels  sent  to  them  from  the 
plexus  venoflus  of  tlio  neural  canal ;  both  kind  of  vessels  ramifj 
in  tlieir  substance,  iVn  inlng  a  fine  capillary  network  upon  the 
capt-ulos  of  the  multinucleate  cells.  Tlie  blood  is  returned  from 
the  riglit  adrenal  directly  to  the  postcaval  vein,  and  from  iln'  \\:t\ 
adrenal  to  the  corresponding  eniulgent  vein.  In  Lacerta  ocdldtdy 
each  adrenal  is  about  one  ^'^\th  of  an  inch  in  length,  and  one- 
eighth  of  an  inch  in  breadth,  adherent  to  the  enuilgcnt  vrin, 
wliere  it  forms  the  postcaval :  upon  which  the  right  and  usuallv 
the  larger  adrenal  sometimes  Ues.  In  the  male  Lizard  it  b 
situated  between  the  vein  and  the  vas  deferens :  in  the  female, 
between  the  vein  and  the  ovary.  The  adrenals  are  lobulated, 
and  well  supplied  with  blood ;  their  minute  Btructure  is  essentially 
the  same  as  that  in  OphuUa  and  Batrachia, 

Hunter  left  preparations  of  two  glandular  bodieSy  with  a  con- 
volute exterior  surface,  and  a  homogenous  parenchjrme,  similarly 
disposed,  which  he  called  *  supra-renal  glands*  of  a  Tortoise-.' 
and^  in  his  '  Anatomy  of  a  Land-Tortoise,'  he  writes,  *  The 
capsula  renalis  is  large  and  flat^  situated  above  the  kidneys:  it 
looks  like  a  pancreas,  being  conglomerated,  but,  when  cut  into, 
appears  to  be  all  of  the  same  substance.'^  Bojaniis  regarded  two 
long  bodies,  ntuated  at  the  inner  margin  of  the  kidneys  of  jEmy$ 
europcBa  as  the  adrenals ;  but,  according  to  Ecker,  the  adrenals 
of  Testudo  grcBca  lie  on  the  abd<nninal  (sternal)  sniftce  of  the 
kidney,  imbedded  in  its  suhstance,  extending  almost  the  whole 
length  of  the  gland,  as  in  the  Frog,^  Under  the  microscope  th^ 
appeared  as  aggregates  of  yelbw  granules,  each  indoeed  by  a 
proper  eapsule,  and  contmning  nudm,  oil-globules,  and  moleculsF 
particles. 

Hunter  describes  the  adremds  in  the  Crocodile  as  *  two  oblong 
bodies,  darker  on  iheir  exterior  surfiice  than  internally,  and  in 
some  places  little  yellow  bodies  are  to  be  seen  upon  them»  as  b 
the  kidney ;  and  on  the  outer  edge  is  a  Tcry  small  yellow  thrad 
passing  down,  which  is  continued  along  the  broad  ligament  ita 
whole  length  towards  the  anus.*  ^  This  might  be  tiie  remnant  af 
the  duct  of  the  primordial  kidney. 

"  XX.  ToL  iii.  p.  130,  preps,  nos.  1277,  1278.  '  ccxxxvi.  vol  ii.  p.  364. 
*  00LZZXT2I.  «  cczxzn.  Tol.  ii  p,  34a 
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CHAPTER  IX. 

TEGUMENTABX  SYSTEM  OF  HiBMAIOG&YA. 

§  98.  Composition  of  Tegument  —  The  tegmnentary  orgaos  of 
Vertebrates,  where  they  do  not  happen,  as  in  exceptional  instances 
or  parts  of  the  body,  to  blend  with  the  periosteum  of  the  endo- 
sk^eton,  are  defined  from  subjaoent  structures  by  loose  or  3rieldlng 
connective  tissue :  hence  the  facili^  with  which  Vertebrates  of 
all  classes  can  be  'skinned.*  The  part  so  removed  is  the  'tegu- 
ment,* and  constitutes  the  outermost  of  the  orji^ns  differentiated 
in  the  course  of  embryonal  devclo])ement  from  what  has  been 
termed  the  'scrou*'  or  *  animal '  lajer  of  the  blastoderm. 

Tegument  mainly  consibts  of  an  outer  epithelial  layer,  called 
*  epiderm/  and  an  inner  fibrous  or  areolar  layer,  called  *  denn.' 
The  tissue  of  the  derm  includes  *  white  fibres'  and  'yellow  fibres.' 
The  white  element  forms  bands  of  unequal  thickness,  striated 
longitudinally,  but  irregularly,  and  breaking  up  into  fibrils  of 
different  width,  tlie  finest  being  too  minute  for  micrometry.  The 
white  bands  interlace  in  various  directionsi  with  a  wavy  course, 
frequently  subdividing,  and  joining  those  near  them.  The  yellow 
fibres  are  solitary,  very  elastic,  disposed  to  curl,  branching  at 
intervals  of  variable  length,  and  the  branches,  usually  as  large  as 
the  trunk,  uniting  with  contif^uous  ones.  A  drop  of  acetic  acid, 
which  instantly  swells  the  white  bauiLs  aiui  makca  them  trans- 
parent, produces  no  change  on  the  veDow  filaments.*  Into  the 
derm  enter  bloodvessels,  absorbents,  ami  nerves  :  it  never  contains 
fat.  Epiderm  consists  of  epithelial  cells  of  every  fonn — caudate, 
tessellate,  rarely  ciliate  —  and  in  all  stages  of  developementy 
increasing  in  density,  horizon tality,  and  overlappingncss  as  they 
approach  the  outer  surface  of  the  skin>  and  blended  with  pigment- 
cells  and  pigment-particles  in  proportion  as  they  are  near  the  derm : 
but  many  other  parts  are  spedalised  in  the  tegumentary  area  of  the 
blastoderm  than  those  which,  from  their  greater  abundance  and 
constancy,  give  the  character  to  the  two  best  defined  layers. 

Liuibd  ur  pulps  of  liairs  and  feathers,  bony  scutes,  and  iiali-scales 

*  ooxc.  i  p.  491. 
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— aebaceous,  sudoriparoos,  and  mucons  follicles — ^may  be  developed 
in  or  from  the  derm :  &e  epiderm  may  be  condeiuied  Into 
clawB,  hoofs,  horns  and  homj  scales.   The  warm-blooded  are  dis- 
tinguished from  the  cold-blooded  classes  by  the  non-condocting  or 
heat-rctamiiig  nature  of  the  superficial  covering  of  the  tegoment 
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§  99.  Tegnmeiits  of  Fishcs.-^The  skin  in  fishes  is  more  tensely 
stretched  over  the  body,  and  often  more  closely  united  to  th«  sub- 
jacent fascia  or  flesh,  than  in  other  Vertebrates :  consequenlly  it 
enjoys  less  mobility.  The  constituent  fibres  of  the  derm  or 
corium  are  so  disposed  as  to  give  it  a  laminated  structure,  fig. 
300,  a ;  the  horizontal  layers  being  oonneeted  by  Tertical  sab- 
elastic  fibres,'  iU  b»  The  numerous  papillnc  or  processes  finom  tiw 
8kln  of  tlic  under  part  of  the  head  of  the  Sole  (Solea  vufyaru) 
give  it  a  villous  character :  other  instances  where  the  derm  deve- 
lopes  tactile  papilla)  in  fishes  are  indicated  at  pp.  326, 4 11. 

In  the  Luicelet  the  dermal  fibres  are  minute,  and  oompacted 
into  two  planes,  one  nearly  at  right  angles  to  the  other.  In  the 
Lamprey  the  derm  consists  of  two  layers  of  flattened  fibres 
ing  each  other  at  right  angles.  The  .  epiderm  eadiibits  n 
large  stellate  pigment-cells.  In  the  Eel,  the  epiderm  is  soft  ani 
thick,  consisting  of  many  layers  of  cells,  candate  and  ti*irm^llatf, 
those  next  the  derm  showing  pigment  in  stellar  masses:  ^ 

granular  pigment-cells  look  like  black 
spots  in  the  epiderm.   On  removing 

tx^t^"^  this,  narrow  oblong  scales,  two  lines 

i^^^        to  three  lines  long,  fig.  36 1,  a,  are  sees 
MlmMS^Mw^       imbedded  in  depressions  of  tiie  dens. 

They  consist  of  a  finely  reticulate  car- 
tilage, the  long  axis  of  the  meshes, 
whkh  may  be  cells  with  conflueBt 
walls,  running  nearly  parallel  to  the 
contour  of  the  scale,  as  shown  in  tU 
magnified  section  taken  at  the  line  marked  in  fig.  361,  a.  In  the 
Blenny  ( Znarces)  the  skin  presents  circular  depressions  which  are 

*  *Arctaou.9  IhhkIs  '  of  Clark  (ccxcn,  p.  148),  who  well  distinguinhes  them  £rua 
tbio  glmid-dncui  ])urroratiiig  the  akin  in  certain  fishes,  c.  g.,  murana* 
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due  to  the  presence  of  small  round  scales,  about  -^ih  in.  diameter, 
with  oonoentrio  and  radiating  lines:  they  are  set  deep  in  the 
derm.  In  the  Sand-eel  {Ammotfyies),  tiie 
scales  are  proportionally  laiger^  and  one 
margin  rises  from  the  derm  and  poshes  out- 
ward the  portion  of  efnderm  coyering  it :  ihe 
dermal  depression  is  limited  to  the  opposite 
margin,  and  is  deeper  than  in  the  Eel.  The 
free  part  of  the  scale  retains  the  reticular 
structure ;  in  the  imbedded  part  the  areola? 
are  obliterated  in  the  direction  from  th^  centre 
to  the  circumference ;  the  radiating  lines  preserve  their  distance, 
but,  being  united  by  cross  fibres  close  set,  the  structure  appears 
to  be  laminated.  The  minority  of  flexible  scales  present  the 
Bame  pattern  of  concentric  and  radiating  lines:  the  concentric 
linee  are  the  finest,  most  numerous,  and  constant ;  they  repeat 
the  contour  of  the  scale,  and  with  most  regularity  at  the  anterior 
imbedded  and  covered  part,  where  growth  chiefly  takes  place, 
the  stages  of  which  are  marked  by  these  lines.  The  *  nucleus'  or 
beginning  of  the  scale  is  usually  excentric,  fig.  362,  n.  The  ra- 
diating lines,  fig.  362  iind  363,  r,  r,  are  larger  and  fewer :  they 
are  most  numerous  in  the  Loach  (Cobitis),  are  sometimes  confined 
to  the  forepart  of  the  scale,  fig.  363,  or  may  be  absent  (6W//<o): 
they  are  furrows.  The  parts  of  the  scale-margin  between  the 
ends  of  the  radiating  lines  usually  project  in  different  degrees 
from  a  slight  convexity,  as  in  figs.  363,  363,  to  the  form  of  pro- 
cesses. The  latter  are  most  common  at  the  anterior  implanted 
border  of  the  scale  {Esax) :  in  many  fishes  the  opposite  or  free 
border  has  numerous  tooth-like  processes,  and 
similar  parts  may  project  from  the  adjacent 
periphery  of  the  scale  in  two  or  more  rows. 
iSucli  scales  with  a  comb-like  free  border,  fig. 
363,  t,  characterise  the  fishes  thence  called 
^  ctenoid : '  where  the  free  border  of  the  scale 
is  rounded  or  simply  undulated,  fig.  362,  it 
characterises  the  *  cycloid'  fishes  of  Agassiz.' 

The  seat  of  chief  vascularity  and  greatest 
activity  and  variety  of  developement  is  at  the 
periphery  of  the  derm,  between  it  and  the 
epiderm.  Here  are  formed  the  scales,  constituting  an  iml)ri- 
cate  covering  of  the  body  in  most  fishes  ;  but,  in  a  few,  contiguous 
or  scattered.    According  to  their  structure  aud  shape,  scales  are 
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tenned  '  placoid;  365,  'ganoid,'  fig.  364,  ' cyebid,'  fig.  362, 
*  ctenoid/  fig.  36S«  In  the  first  and  second  kinds  bone-eardi  predo- 
minates, and  the  scales  are  as  hard  as  teeth ;  in  the  two  latter  kinds 

the  eardi  is  in  less  quantity,  so  that 
the  scale  is  flexible:  it  is  rarel  j  want- 
ing. The  kinds  of  scale  giadnate 
into  each  other.  Most  flexible  soski 
present  two  stmetnres:  <me  next  the 
denn  is  composed  of  gristly  laminse, 
usually  firm  and  elastic^  fig.  360,  c ; 

a»Mu»iM,AmN„im,»,       '    the  superficial   portion,  ib.  rf,  is 

liuninated  and  hardened  bv  intcrla- 
nK'lliir  calcareous  prranules.'  In  the  posterior  or  exposed  part 
of  the  scale  of  a  Carp  there  is  a  peripheral  osseous  layer,  deve- 
loping the  outer  markings  or  projections  of  tlie  scale,  fijx.  3G0,  (/  :  a 

middle  laminated  laver,  with 
calcareous  firannles,  ib.  e; 
and  the  internal  laver  of 
lamina:  of  structureless  car- 
tilage, ib.  c. 

In  the  Tunny  (  Tln/Tinu.< 
rwA/rtm)  the  scales  are  cuiu- 
poiscd  of  fine,  partially  os.-i- 
fied,  laminaj,  between  which 
are  elongated  *  lacunas '  or 
bone-cells;  the  scale  Lscancel- 
lous  at  its  middle  part.^  In  Le- 
pidostt  us  the  scale  is  tliicker, 
is  composed  of  very  thin  ossi- 
fied layers,  fig.  366,a,  perfo- 
rated by  vertical  tubes  about 
—thin. diameter,  and  having 
numerous  lacunas  in  their 

nMoidMdeik,«,Mt.rtw;ekaMn.MBtin.  sen.     interspaces,^  the  radiating 

canals  of  which  communicate 
with  a  more  minute  series  of  vertical  branched  tubules,  called  '  Lio- 
pidine'  by  their  describer.*  These,  in  most  ganoid  fishes,  have  a 
less  general  distribution  through  the  scale  than  the  larger  and  less 
branched  series,  which,  from  their  analogy  to  dentinal  tubes,  I  have 
called  'plasmatic,'  conceiving  them  to  relate  to  the  nutrition  and 
vitality  of  the  scale,  as  doubtless  also  do  the  '  lepidine '  tubules  in 

'  •  Corpiwclcs  of  Maiidl,'  cccni.:  '  Lenticular  bodies'  of  Williamson,  ccxcii. 
•  onzcni.  T«L  ii.  p.  7a        •  v.  p.  14.         «  ccxci.  p.  439. 
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the  parts  of  the  scale  to  which  they  are  limited.  The  periplicral 
surface  of  the  scale  is  coated  l)y  a  layer  of  hard  transparent  lami- 
nated substance,  ib.  (*  email,'  Ap:.;  *  <i;anuin,*  *  Wilk.'*).  In  Lepi^ 
(iosteus  and  Polyj)terus  the  ganoiu  is  usually  confined  to  two-thirds 
of  the  outer  surface  of  the  scale.  In  both  existiDg  Ganoids  the 
scale  is  perforated  vertically  by  a  few  larger 
tubes,  analogous  to  the  *  vascular  canals '  of 
bone,  and  conveying  blood  from  the  derm  to 
the  delicate  laver  of  membrane  extending  from 
the  scale-pit,  fig.  360,  f,  upon  the  ganoin. 
In  the  scales  of  extinct  Ganoidei  a  portion 
of  the  deeper  layer  of  ganoin  traversed  by 
minute  branching  tubuli,  and  devoid  of 
lacunaj,  luis  received  the  name  of  '  kosmin.'*  structure oiganow wan*. 
Ihis  tissue  constitutes  the  chiet  part  ot  the 
tooth-shaped  bodies  of  the  *  shagreen  '  of  the  Dog-fish  and  many 
other  Placoids ;  in  which  it  cannot  be  histologically  distin- 
guished from  hard  dentine.*  In  fig.  365  are  given  a  side  view,  A, 
and  upper  view,  B,  of  one  of  the  *  placoid  scales,'  or  spiny  tubercles 
of  the  Thomback  {Rain  chivata) :  C  is  a  magnified  section  of  the 
scale.  The  substance  of  the  spine  consists  of  superimposed  conical 
lamellflB,  having,  in  the  Thomback,  a  widely  open  pulp-cavity, 
ib.  p,  from  which  proceed  vascular  canals,  resolving  into  plasmatic 
tubes,  radiating  and  ramifying  through  the  substance  as  in  ordi- 
nary teeth.  The  base  of  the  spine-bearing  scale,  ib.  h,  is  imbedded 
in  the  derm ;  and,  as  the  <  haversian  canals '  of  the  jaw  pass  into 
the  *  medullary  canals*  of  the  teeth  thereto  anohjlosed,  so  do  the 
capillaries  of  the  derm  pass  diiectlj  into  the  'yascolar'  canals 
and  pulp-cavity  of  the  dermal  dentine  in  all  the  various  forms  of 
placoid  scales,  many  of  which  have  a  coating  of  true  '  ganoin ' 
over  the  fine^tubed  dentine  or '  kosmin.'  Other  modifications  of 
the  dermoskeleton,  such  as  the  placoganoid  and  acanthoganoid, 
are  noticed  at  pp.  193-198,  and  illustrated  in  figs.  124-127. 

The  oaliafication  of  scales,  as  of  teeth,  fig.  242,  and  bone,  fig. 
15,  takes  place  in  layers  of  the  organic  basis  successively  formed: 
but  the  primitive  lamellate  condition  is  most  conspicuous  in  fish- 
scales.  The  idea  of  excretion,  or  the  throwing  out  of  such  layers 
firom  a  secreting  surfiuse,  is,  however,  as  inadequate  to  represent 
the  fiusts  of  the  fi>rmation  and  structure  of  the  exoskeleton  as  of 
the  endoskeleton  of  fishes.* 

•  XXII.  TOL  i.  p.  74.  «  ccxci.  p.  438.  •  Ib.  p.  444.  *  v.  p.  14. 

*  The  mieroccopical  observations  on  the  strnctnret  of  raeent  and  fttril  teeth,  with 
ioddental  notioot  of  oomipoadiiig  (Nqgwintimi  in  oariltod  scalesy  eonmuiiiieated  Ij 
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The  Taried  and  often  briUiant  colours  of  fishes  are  due  to 
pigment-oellB  at  different  depths  of  the  skin,  but  chiefly  in  the 
active  <Nr  differentiating  area:  those  of  silvery  and  golden  lustre 
are  mostly  on  the  surfiuse  of  the  scales :  the  ttlvery  pigmcDt,  called 
'  argentine/  is  an  article  of  commerce^  used  for  the  colouring  of 
factitious  pearls,  and  offers  a  crystalline  character  under  the 
micrc»cope.  The  blue,  red,  green,  or  other  bright-coloured  pig- 
ment is  usually  associated  with  fine  oil,  and  occupies  areola 
favouring  accumulation  at,  or  retreat  from,  the  superficies,  and 
thus  cfl'ccting  chan^jes  in  the  colours  of  the  fish,  hariuonieiiig 
their  exterior  with  the  hue  of  the  bottom  of  their  liaunt.* 

The  surface  of  the  Loth  is  lubricated  in  most  Fishes  bv 
mucus,  sometimes,  m  in  the  Eel  and  Bui  1) ot,  forming  a  thick 
layer.  The  ^kin  of  the  Eel  is  perfoiaied  by  numerous  ducts 
or  follicles,  which  contribute  to  this  excretion.*  In  the  I'ike  the 
scattered  ducts  notch  the  border  of  the  scales,  near  their  termina- 
tion: one  scries  of  f(jllicles  represents  the  lateral  line,  as  in  the 
Kel.  Id  nui^t  h  ishes  the  follicles  of  the  lateml  row  arc  connected 
by  a  longit  udinal  canal,  of  which  they  appear  to  be  branches  ;  more 
particularly  so  in  those  species  (Dory,  Opah)  in  wluch  the  I'ollicles 
are  produced  into  secondary  tubes,  and  open  at  some  distance 
from,  usually  beneath,  the  lateral  canal.  In  the  MutiH  cfjfhalus 
there  are  several  lateral  canals,  £ri\'inci;  off  the  ioliicles  which 
tunnel  the  scales  in  their  outward  course.  The  lateral  canal 
itself  so  marks  the  scales  along  which  it  runs,  its  folllculnr  (uitlets 
perforatinjT  them.  The  '  nervus  lateralis'  sends  a  filament  to 
each  scale-follicle  or  tunnel  ;^  the  cephalic  system  of  well-nerved 
mucous  canals  excavates  oddly  superficial  bones  of  the  head  in 
many  Tel^tomi\^  this  system  is  noticed  in  Phiffiostomiy  at  p.  225. 
The  nerrons  structure  connected  with  the  system  of  the  lateral 
line  suggests  a  stimulus  to  active  excretion  from  emotional  causes, 
as  in  the  skin-glands  of  Batracliia. 

$  iOa  TegumenU  of  iZgvh^.— The  derm  in  Batraehia  presents 

ne  to  tlie  meeting  of  the  Brituk  Association  In  Angnst  18SS,  and  to  tbe  Aeademj  of 
Sdeneeti  lottitiiteof  Fkanoo,  December  1889,  established  the '  convcrsion-theorj,*  and 

comj>oI  fttiy  one  nttcmpting  to  rerive  the  *  excretion  theory '  to  substiintc  n  finiiion  of 
the  process  wholly  d  iftorent  from  that  to  which  De  Blainville  and  other  supporters  of  the 
theory  held  in  1838-9.  Trot.  W  illiamson,  who  has  pursacd  microscopical  investigations 
into  tbe  scales  of  reeent  and  feesQ  flahea  with  peieevenuee  and  tRecesi»  afflrme  the  ISicts 
which  he  brought  forward  (ccxci.  p.  437)  'to  Ije,  at  least,  suliiciently  conclasivo  to 
settle  the  question,  by  sIk  wing  that,  wliil-r  the  scales  are  formed,  as  originally  stated 
hy  M.  Agrtssiz,  by  the  apposition  of  successive  lajcrs,  these  layera  are  not  generated 
by  any  process  of  secretion,  but  by  the  celdficfttion  of  sa  organised  basis,  rcseinUiag 
that  of  bones  and  ieeth»  ai  asserted  hj  Fkof.  Owen.' 

»  ccxciv.  p.  327.  •  ccxcii.  '  Ley  dig  (ccLxxvn.  203»  fig.  108)  deseribes 
it  as  ending  in  a  lund  of  ganglion.         *  oociT.  p.  171. 
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a  lamellate  structure,  fig.  368,  ^,  like  that  of  Fishes,  but  with  the 
direction  of  the  fibres,  in  succeeding  layers,  more  regularly  alter- 
nating. In  most  parts  of  the  trunk  of  the  Anoura  the  skin  is 
separated  by  wide  lymphatic  lacunaj,  fig.  367,  f,  from  the  subcuta- 
neous fascia,  ib.  E.  Marsupial  pouches,  one  for  each  larva,  ib.  B,  c, 
are  temporarilydeveloped  in 
tlie  skin  of  the  back  of  the  fe- 
male Pipa:  a  common  dorsal 
pouch  for  eggs  and  larvai  is 
present  in  the  female  Noto- 
trema  marsupiatum,  Gnth., 
and  in  Opisthodelpht/s,  The 
epiderm  in  Perennibranchi- 
ates  resembles  that  of  mu- 
rajnoid  Fishes :  in  most  A- 
noura  the  constituent  nucle- 
ate cells  are  more  condensed, 
fig.  368,  b :  in  many  Toads 
the  epiderm  is  tuberculate ; 
rarely  are  scales,  and  scutes 
never,  present  in  the  exist- 
ing Batrachia.  In  CcBcilia 
the  skin  is  ringed  by  trans- 
verse rugae.  In  the  Ameri- 
can Newts,  of  the  genus 
Plestiodon,  the  small  scales 
present  a  reticulate  struc- 
ture. In  Bufo  tuherosus  the  epiderm  forms  on  the  dorsal  tuber- 
cles a  homy  spine  in  the  centre,  surrounded  by-  a  ring  of 
smaller  spines:  Bufo  asper  has  conical  spine-bearing  tubercles 
on  the  back  and  sides  of  the  trunk :  those  on  the  upper  eye- 
lids of  certain  Toads  have  earned  for  them  the  generic  name 
Ceratophrys  {^Rana  cornuta.  Linn.).  In  Salamandra  unguiculatay 
and  in  Dactylethra  among  the  Toads,  the  epiderm  is  condensed 
into  a  claw  at  the  end  of  some  of  the  digits :  in  D.  JSndleri  it 
also  forms  a  spur  at  the  base  of  the  first  hind-toe.  In  Pipa  the 
skin  is  produced  at  the  end  of  each  fore-toe  into  a  3-  or  4-forked 
appendage,  fig.  367.  As  a  rule,  the  Batrachia  are  without  claws. 
Pigment-cells,  fig.  368,  a,  are  developed  in  various  degrees,  and 
of  diverse  shades  of  colour,  commonly  of  a  dull  and  neutral  or 
mixed  tint,  but  giving  to  parts  of  the  skin  of  the  land  Salamander 
a  yellow  or  orange  hue,  and  painting  the  surface  of  the  Trec- 
Frog  {Ili/la)  a  bright  polished  green. 


367 


Female  Tlpa,  or  SurlDatn  ToiuL 
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Mucous  follicles  abound  in  {be  skin  of  all  ihe  Batraehm :  liiej 
are  found  in  linear  rows  in  parts  of  the  ^ren : '  are  more  generally 
diffused  in  the  AxolotL*  In  the  Frog  they  are  spheroMal/  fig. 
368»  d,  or  suhdepressed/  situated  in  the  superficies  of  liie  denn,  c; 
th^  ducts  perforate  Ihe  epiderm,  b,  and  tenmnste  \j  romided* 
or  triradiate*  orifices,  ib.  B.  Like  the  lateral  canals  of  Fishes, 
th^  usually  contain  a  dear  fluid,  which  they  expel  on  irritation 
of  Ihx&t  mane,  ih.  fj    This  fluid,  in  the  Newts  and  Toad^, 

appears  to  possess  an  acid  or 
irritating  property.  A  stork  will 
swallow  a  frog,  but  rejects  a  toad, 
if  j)ickcd  up  by  l^i;^takc.  The 
cutaneous  follicles  are  more  local- 
ised in  the  land  Salaman<ler, 
and  their  secretion  is  whitish  and 
opake,  of  an  acrid  nature,  and 
poured  out  al)undantly  when  the 
animal  is  alarmed  or  irritated. 
The  cutaneous  follicles  are  nu- 
merous and  close-set  in  the 
American  Newts  of  the  genera 
Amby  stoma  and  Plcthodou,  in 
which  they  exude  a  milky  fluid.* 
Special  aggregates  of  cutane- 
ous follicles  occur  in  most 
liatrachia.  In  the  land  Sala- 
mander they  form  a  |)orou3 
tubercle  behind  each  eye.  In 
many  Anoura  the  homologous 
glandular  tubercles  ('parotoids* 
of  Giinther^)  are  conqncuous 
above  the  tymj)anmn  {Ahjtidcp,  Bufomdcp) :  they  are  enormous  in 
B?{fo  aqua,  and  are  situated  on  each  side  of  the  neck  in  UperoHidUt. 
In  Jiufo  caliunita,  l)csides  the  ordinary  parotoids,  there  is  a  similar 
glandular  tubercle  on  the  upper  side  of  the  legs.  The  skin  of 
the  l)ack  in  Kalophrijnus  is  thick  and  glanduhur,  like  a  parotoid. 
In  llj/larana  the  skin  has  two  ghindular  folds,  one  on  each  side  of 
the  back,  usually  of  a  white  colour.  Platymantis  plicifera  has 
scYeral  pairs  of  such  longitudinal  folds  or  ridges.**^  In  F^dxfpedaiei 

»  MU  Tol  Hi.  p.  277,  prep.  no.  SI08.  «  ccuuiix.  tav.  ii.  fig.  7.  •  ccxcv  taf 
H.  fig.  10.  *  lb.  fig.  7.  Mb.  fig.  2.  •Ib.flg.S.  »II».(6841).p.dfl 
•  ccxcvi.  p.  281.  »  Printed  hj  nirtdw  *pM«toid'  in  hb  esoeDent  QualocM. 

»•  OLxxv.  p.  96.  pL  viii.  fig.  8.  ™» 
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a  glandular  fold  curyes  from  above  the  tTmpanum  to  the  axilla  or 

ehoulder* 

The  ddn  takes  an  important  share  in  respiration  in  the 
Anourous  Batraohia,^  and  there  is  a  relation  of  '  snpplf  and 
demand '  between  the  cutaneous  follicles  and  Uie  large  allantoio 
bladder :  the  latter  would  seem  to  receive  water  directly  by  the 
cloaca,  when  the  Frog  may  be  in  that  element,  and  to  serve  as  a 
reservoir  for  the  supply  of  cutaneous  transpiration  when  the 
batrachian  is  on  drv  land.' 

The  epidcnn  is  ju  i  iodically  shed  in  Batrachia,  It  comes  away 
in  shreds  in  the  aquatic  kinds.  In  the  Toad  the  old  cpidcrm 
splits  along  the  middle  line  of  both  back  and  belly,  and  each 
lateral  half  is  wriggled  off  in  folds  towards  the  sides.  It  is  then, 
by  contortions  of  the  trunk  and  limbs,  loosened  from  the  hind- 
limbs,  and  removed  from  them  by  the  ftnimal  bringing  first  one  and 
then  ihe  other  leg  forward  under  the  arm,  when«  by  withdrawing 
the  hind-leg,  its  cuticle  is  left  under  the  fore-leg.  The  two 
portions  are  now  pushed  forward  to  the  mouth,  by  the  help  of 
which  the  anterior  extremities  are  also  divested  of  thdr  cuticle. 
The  whole  mass  is  finally  pushed  by  the  hands  into  the  mouth, 
and  s\v:ill{)wed  at  a  single  gulp.  The  new  cuticle  is  bright,  soft, 
and  covered  witli  a  colourless  inucuf.* 

In  SiT|)i'iit<  the  epiiUMTu  -^licd,  usually  entire,  and  the  animal, 
partially  blindl'olded  by  the  opacity  of  the  layer  passing  over  the 
cornea,  fig.  220,  c,  seeks  an  obscure  retreat ;  but  I  have  watched 
the  process  of  exuviation  in  a  captive  snake.  It  rubs  the  front 
and  sides  of  the  mouth  against  its  prison  wall,  thus  detaching  and 
reflecting  the  cuticle  from  the  oral  mar^^n,  until  it  is  turned  hack 
from  over  tiie  whole  head ;  the  snake  then  brings  forward  its  tail 
and  coils  it  transversely  round  the  head,  and  by  pushing  the  head 
through  the  coil  turns  the  cuticle  back  upon  the  neck;  then 
tightening  the  coil  and  renewing  the  forward  movment,  threading 
the  btnly,  as  it  were,  through  the  caudal  ring,  the  cuticle  is 
pushed  further  and  iiiilin  r  back  until  the  eversion  has  been 
carried  so  near  the  end  ot  the  tail  as  prevents  the  further  action 
of  thec(»il;  the  animal  finally  glides  aiooi^;  dracrfrinGf  behind  the 
whole  of  the  loosened  epidcnn,  and  a  few  wriggling  actions  of  the 
tail  serve  to  completely  detach  it  Thus,  the  entire  outer  skin  of 
the  snake  may  be  found  shed  and  turned  inside  out,  the  process  of 
exuviation  being  like  the  turning  off  a  stocking  from  the  leg  and 
foot.  The  whole  of  the  exuviable  epiderm  in  Ophidia  has  been 
condensed  into  the  form  of  scales:  these  are  small  and  pretty 
*  ccxcvii.        '  ItK        *  cczcvm.  vol  i.  p.  tOt. 
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rcixiilar  in  size  aiifl  shape  alon^  the  bark  and  sides  of  the  l)ody; 
but  are  large  and  transversely  extended  across  the  under  j)art, 
fonnmg  what  are  termed  title  *  ventral  scutes,'  '  scuta  vcntralia,' 
the  use  of  which  in  locomotion  is  explained  at  p.  259.  All  or 
meet  of  the  scutes  below  the  tail  ('scuta sub-caudalia ')  are  nngie 
in  Cratahts,  Bungarus^  Baa ;  in  Ptf^m^  the  ColuMdm,  and  meet 
other  serpents  they  are  '  paired/  or  divided  along  the  middle  line. 
In  most  seaHinakea  the  abdomen  is  compressed  and  keeled  below ; 
in  Pelamys  the  keel  is  bordered  by  two  rows  of  scales ;  in  Hydro- 
jyhi/s  it  is  formed  by  lar^e  bituberculate  scales  j  Platurus  has  the 
venter  scutate,  with  the  caudal  scales  in  p^rs.  Larger  scales 
occur  in  the  head  of  most  serpents,  and  serve  as  zoological  cha- 
racters, being  deiiiied  as  'scuta  marginalia  labli  ?in|K  ilnris  seu  in- 
ferioris,'  *  scutum  labiale  medium,'  *  scuta  mentalia,'  *  scuta  ocularia," 
*  scuta  frenalia^' '  scuta  na8aU%'  &c.  The  scales  of  serpents  may 
be  smooth  or  carinate,  they  are  rarely  tuberculate  (dorsal  scales  of 
Xenodermwi) ;  and  in  their  disposition  they  may  be  either  *  oon- 
tiguous»*  or  *  imbricate.' 

The  epiderm  is  condensed  into  claws  or  hooks  ('  cslcaria')  upon 
the  rudiments  of  hind  limbs  that  border  the  vent:  these  are  best 
seen  in  Boa^  Pythm,  Eryx,  Tortrix ;  it  is  developed  into  small 
horns  above  the  eyes  in  Viper  a  cerastes.  In  the  Rattlesnake  the 
epiderm  forms  a  neries  of  hard  moveable  rings  at  the  end  of  the 
tail,  twenty  to  thirty  in  number  in  full-grown  specimens, 
decreasing  in  size  to  tlie  end  of  tlie  scries.  The  terminal  (3  to  S  ) 
caudal  vertebnc  coalesce  into  a  long  conical  bone,  covered  by 
thick,  soft,  vascular  derm^  divided  by  two  deep  annular  grooves 
into  three  transverse  swellings :  the  basal  ring  of  one  joint  grasps 
the  projecting  second  ring  of  the  preceding  joint,  and  this 
incloses  the  third  ring  of  the  joint  next  but  one  in  advance^ 
Since  the  second  rounded  annular  portion  of  each  joint  is  thus 
securely  grasped  by  the  first  rounded  annular  portion  of  the  piece 
behind  it>  and  the  third  by  the  second,  and  yet  all  of  them  so 
loosely  as  to  leave  room  for  motion,  it  has  been  supposed  that 
when  the  foremost  piece  has  been  completed,  and  a  new  piece  in 
advance  is  about  \jc\  be  formed,  the  skin  which  is  to  secrete  it  is  so 
modified  tliat  its  first  swelling,  which  secreted  the  first  projection 
of  the  former  pieee,  assumes  that  shai>e  and  size  which  are 
accommodated  to  the  shape  and  size  of  the  second  projection  of 
the  new  piece,  whilst  the  second  swelling  which  secreted  the 
second  projection  of  the  piece  takes  the  dimensions  suited  to 
the  third  projection  of  the  future  new  ring.  The  basal  projections 
of  the  successive  rings  are  chiefly  visible  externally,  only  the  first 
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ring  has  a  yital  coimectioii  with  the  derm :  it  is  catised  to  vibrate 
by  the  muscles  of  the  tail,  aad  its  vibration  commumcates  a 
quiyering  motion,  accompanied  by  a  rattling  noise^  to  the  dry 
homy  pieces  behind  it.' 

The  pigment-cells  are  mostly  combined  with  the  epidermal 
ones  to  i'onn  the  dcejier  layers  of  the  scales,  and  ornament  the 
skill  («t  snakes  with  various  and  sometimes  brilliant  colours.  The 
poisonous  serpents  are  mostly  of  a  sombre  hue.  The  periphery  of 
the  derm  is  modelled  according  to  the  pattern,  contiguous  or  im- 
bricate, of  the  epiderm,  the  scales  of  which  are  evolved  thereupon. 
The  blood-Teasds  form  a  beautiful  and  regular  network,  the  area 
corresponding  with  the  shape  of  the  scales,  being  lozenge-shaped, 
e.  in  Coluber  natrix^  with  the  uniting  angle  at  the  centre  of 
each  scale. 

The  skin  of  the  snout  developes  tentacular  appendages  in  Her^ 
peton  iefUaeulatum,  The  integument  in  the  Cobras  {Naja) 
expands  into  a  broad  fold  on  each  side  the  neck :  the  folds  are 

Biipported  by  correspondingly  elongated  ribs,  p.  55,  fig.  46,  pL ; 
when  these  arc  drawn  forward  an  oval  disc  of  skin  is  c^iuscd,  sur- 
passing the  head  in  breadth,  and  usually  rendered  more  cun.^piL  iiHas 
by  well-defined  tracts  of  j>igment.  The  name  of  *  spectacle- 
snake  '  retcrs  to  the  pair  of  eircular  spots  connected  by  a  curved 
streak  on  tlie  hood  of  the  Nuia  tripvdiana. 

The  secreting  follicles  of  the  skin  in  Serpents  are  chiefly  con- 
fined to  certain  depressions  or  inverted  folds  of  the  derm.  These 
in  Crotidus  and  Trigonocephahis  constitute  n  pit  between  the 
nostril  and  ey«  on  each  side  of  the  head.  The  hinder  scutes  of 
the  lower  lip  have  pits  in  P^&um  8eldegeln%  as  have  those  of  both 
lips  in  Pyikm  amethystinus*  In  Amphuhetna  aXba  and  in  Chirotea 
there  is  a  row  of  pores  in  front  of  the  vent. 

The  skin  in  most  Xiacertians  resembles  that  of  Serpents :  the 
scales  are  thickened  epiderm  or  horn  ;  in  most  imbrir;Ue,  in  a 
few  [ZonosauruSf  V.  dvv  II.)  vcrticillate ;  usually  snu)uth,  but 
in  some  carinatc,  mid  in  s«nne  tuberculate  or  gibbous;  in  a  few 
they  sui)p()rt  a  spine  at  certain  parts  of  tlie  body,  ap,  e.  g.  the 
I  catidal  scales  of  Zonurus,  both  dorsal  and  caudal  scales  of  TV - 
bolanotus,  the  drcumtympanic  scales  of  Akamai  the  occipital 
scales  of  Phrynosoma,  and  scattered  dorsal  and  lateral  scales  in 
the  Australian  Laeerta  muricata  of  White.  Bone  is  developed 
at  the  base  of  the  scale  forming  part  thereof,  or  combining  scute 
and  scale,  in  OpkisauruSf  TriboltmiftuSf  Trachysaurui,  In  the 
Chameleons  the  scales  are  small  and  thin,  like  grains.  The 
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pigm on tal  py?tcm  of  the  skin  is  remarkably  developed  in  tins 
family  :  it  is  of  various  colours — red,  blue,  yeIiow»  brown  ;  eac)^ 
colour  is  lodged  in  contractile  areolar  spaoeB,  and  can  be  ncca- 
mulated  near  or  withdrawn  from  the  surface.  When  the  Chame- 
leon is  kept  long  in  a  cold  dark  place  all  the  pigment  subsideB 
into  the  derm,  the  saperficial  pale  grey  colour  <^  which  appears 
through  the  diin  epiderm.  When  brought  into  the  light  and 
warmth  the  pigments  flow  to  the  anrfiK^e,  in  hannony  with  the 
colour  of  that  on  which  the  animal  rests,  which  nsuidly  in  this 
arboreal  re])tile  is  green.  If,  however,  the  Chameleon  be  irri- 
tated, the  colour  may  change  to  a  vinous  red,  or  deepen  almost  to 
black :  commonly  the  surface  is  more  or  less  mottled,  grey,  yellow 
and  green.  These  pluMmincna,  which  have  made  a  proverb  of 
the  Chameleon,  are  manifested  in  a  minor  degree  hj  some  other 
Bcptilcs,  by  most  Fishes,  and  by  Cephalopods. 

The  integument,  besides  covering  the  surface  of  the  body, 
extends,  in  many  Lacertians,  from  variona  parts,  in  difierent 
forms  and  degrees.  In  BaHHgeui  and  JHitmrus  cahUt  it  fenns  a 
compressed  fold  or  crest  along  the  midline  of  the  back  and  taiL 
In  CroeodUuruM  the  tail  has  a  double  crest  above :  in  PhyUurui 
phiurus  the  lateral  expansions  of  the  skin  of  the  short  tail  give  it 
a  leaf-shape.  In  Hoplurus  and  Tropidurus  cyclura  the  skin  of  the 
throat  is  folded  transversely  :  in  Ar/ama  the  transverse  fold  is  asso- 
ciated with  a  longitudinal  fol  d  !  x  neath  the  under  jaw.  The  jiigidar 
fold  in  longitudinal  and  pi n  lulous,  like  a  dewlap,  in  Ljuana, 
Corijthophiines,  and  Sf^miophorus.  In  Chlamj/dosdurus  a  very 
broad  transverse  fold  of  skin  extends  from  above  eaeh  tympanum 
across  the  lower  part  of  the  neck:  it  is  partly  supported  and 
moved  by  much  elongated  cerate-  and  thyro-hyals,  and  can  be 
expanded  and  brought  forward  or  erected,  so  as  to  give  a  formid- 
able aspect  to  this  Lizard,  when  it  is  attacked  or  alarmed. 

In  the  small  insectivorous  Draeo  votant  of  LinnsBus  a  broad 
fold  of  skin,  on  each  side  of  the  body,  fig.  103,  is  supported  by 
five  pairs  of  slender  elongated  free  ribs,  fig.  50,  by  the  movement 
of  which  the  folds  can  be  expanded  into  a  sort  of  parachute,  as 
explained  at  [).  265.  The  s])ecial  modilicatiou  of  the  tegument 
of  the  toes  in  the  Geckos  is  described  at  p.  263,  fig.  162.  In 
the  extinct  Pterodactylcs  still  more  extensive  dupHcatures  of  skin 
were  supported  on  a  much  elongated  digit,  and  constituted  true 
wings,  as  in  the  Bats,  p.  265,  fig.  Ill,  A.  In  many  Lizards,  on 
the  inside  of  the  thigh,  there  is  a  row  of  tuberculate  perforated 
scales,  beneath  each  of  which  lies  a  pedunculate  gland,  studded 
with  marginal  follicles:  the  presence  an^  position  of  these  'pori 
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femorales '  afford  generic  characters.  They  are  wanting  in  the 
Chameleons.  Certain  male  Geckos  have  both  femoral  and  sub- 
anal  pores.  In  P'i<jopas  lepidopodna  the  subanal  pores  are  dia- 
po-^cd  in  a  single  series,  but  in  Lialis  in  pairs,  on  each  side. 

In  the  Crocodilia  the  conversion  of  parts  of  the  integument  into 
bone  is  constant,  and  the  osseous  structure  shows  interlaced  or 
CTossiDg  fibres,  like  that  of  the  denn  in  and  from  which  the 
scutes  are  developed*  The  arrangements  and  forms  of  these 
scutes  in  different  genera  of  recent  and  fossil  Crocodilia  are 
described  at  pp.  198, 199.  As  in  Fishes,  tbe  dennoskeleton  was 
most  developed  in  the  extinct  secondary  species.  In  modem 
Crocodiles  a  serrated  crest  extends  above  the  tail,  which  divides 
at  the  base  of  that  organ. 

A  section  of  the  dorsal  integument  of  Trionyx  fcrox  .shows  a 
thin  epidcnn,  then  a  thieker  layer  of  elastic  fibres,  next  many 
layers  of  fibres  crossing  each  other  regularly,  and  proihu  ing 
seeming  layers  of  the  derm.  In  Sphargis  a  superficial  portion  of 
the  derm  is  ossified,  so  as  to  form  a  kind  of  girdle  to  the  trunk, 
beneath  which  is  a  felt  of  soft  corium,  and  under  this  the  endo- 
skeleton.  In  all  other  Chelonia  the  derm  adheres  to  the  periosteum 
of  certain  neural  spines  and  pairs  of  pleur-  and  haem-apophyses, 
whence  ossification  extends  in  different  d^ees  into  the  substance 
of  the  derm«  In  most  Chelonia  a  series  of  bones  are  developed 
independently  in  the  derm,  at  the  circumference  of  the  trunk, 
and  also  above  certain  neural  spines,  with  which  thej  may  or 
may  not  become  anchylosed.^ 

The  dermal  bones  connate  with  neural  spines  are  those  above 
the  nine  doi  sal  vertebra?,  figs.  370,  371,  ^•/^  ,<ci-.s'8 :  they  are 
termed  *  neural  plates.'  The  dermal  bones  couiiate  witli  ])leura- 
{K)ph78es  are  those  which  take  ossification  from  near  the  heads  of 
the  second  to  the  ninth,  inclusive  of  the  dorsal  ribs,  ib.  ph-pls. 
The  dermal  bones  connate  with  ha^mapophyses  are  those  which 
start  from  the  sternal  or  ahdonunal  ribs,  or  coalesced  groups  of 
ribs,  figs.  372,  373,  called  hyostemal,  hs,  hypostemal,  jm,  and 
xiphisternal,  X9*  Occasionally,  ossification  extends  into  ike  skin 
from  tiie  entostemal,  $  {Etnyda  ceylonensis),  and  from  the  epi-* 
sternals,  es  {Cryptopus  Petersii),  The  dermal  bones  are  least 
developed  in  the  Trionycidce,  and  are  not  covered  by  horny  cpi- 
ilorra,  '  Ncurar  and  *  costal'  plates  are  present  in  all.  One 
])air  of  dermal  brnu  -  is  developed  from  the  hyosternals  in  Trionyx 
subplanusi  in  Trwuyx  niloticus  and  some  other  species  dermal 
bones  arc  developed  from  the  hyo-,  hypo-  aud.xiphi-^tcruahi,  the 

*  (XXII.  p.  105. 
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hyo-  and  hy^o-sternal  plates  on  each  side  being  naturally  uniteil 
together ;  in  EmydA  cef/lonenns  dermal  bones  are  developed  tVtmi 
the  epi-»  hypo-  and  xiphi-eteraals,  and  from  the  entostemal  or 
sternum  proper^  fonning  aeven  pieces :  the  akm  of  the  hinder 
maigin  of  the  broad  depressed  trunk  is  strengthened  in  Em^fda 


869  370 


by  a  few  dermal  ossicles ;  mudi  of  the  skin  of  the  trunk,  where 
not  08Mfied>  in  TrumyeidiB,  has  the  dermal  tissue  of  cartalaginous 
hardness* 

In  the  Turtles^  or  marine  CheJmday  bendes  the  eight  connate 

neural  |)lates,  fij^.  52,  s\~s^  (p.  61),  demial  bones  are  dcveluiied 
in  advance  of  and  behind  them,  and  are  commonly  unattachcil 
to  the  subjacent  vertebraj.  The  anterior  one,  ib.  c/i,  is  the 
*  nuchal '  ])late:  the  posterior  one,  ib.  /^y,  is  the  'pygal'  ])late; 
tlie  costal  plates,  ph-ph,  articulate  suturally  with  the  neund 
plates,  but  do  not  extend  to  the  end  of  the  ribs ;  the  marginal 
plates,  TTii-fniS,  arc  articulated  with  ca(*h  other  and  with  the 
nuclud  and  pygal  plates  suturally,  and  eight  on  each  side  reoeive 
the  ends  of  the  eight  ribs  supporting  &e  costal  plates.  Two 
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pairs  of  dcnnal  bones  are  developed  from  the  hyo-  and  hypo- 
Btemals,  fig.  53,  hs  and  ps :  but  these  do  not  articuhite  with  the 
marginal  series.  In  Freshwater  and  Land  Tortoises  the  dermal 
ossifications  spread  further,  uniting  all  the  parts  of  the  plastron 

371  872 
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Outer  sorf&cc,  rlastron,  ronng  Tortoise.  Inner  surface,  plastron,  young  Tortoise 

into  one  more  or  less  flat  floor,  and  all  the  parts  of  the  carapace 
into  one  more  or  less  convex  roof,  fig.  51 ;  side-walls  being  like- 
wise now  formed  by  the  union  of  the  hyo-  and  hypo-stemals 
with  the  coextensive  marginal  plates.  In  all  Chelonia,  save  the 
Trionycidce  and  Sphargis,  the  epiderm  of  the  trunk  is  condensed 
into  large  homy  scales,  usually  contiguous,  more  rarely  imbricate, 
and  then  only  on  the  carapace.  They  may  be  keeled,  or  rugous, 
or  scabrous,  but  are  commonly  smooth  and  polished,  or  marked 
only  by  concentric  lines  of  growth.  Their  growing  margins 
indent  the  dennal  bones  supporting  them,  funning  the  triradiate 
grooves,  e.  g.  upon  the  beginnings  of  the  costal  plates  in  the 
young  Tortoise,  fig.  370,  pl\,  and  those  marked  s\-sb  on  the 
neural  and  costal  plates  in  the  Turtle,  fig.  52.  The  large  epi- 
dermal plates  of  the  carapace  and  plastron  are  termed  *  shields ' 
and  *  tortoise-shell :  *  most  of  them  have  special  names  in  Zoology, 
as  they  afford  useful  characters  in  the  discrimination  of  genera 
and  8[)ecies ;  whilst  the  impressions  they  leave  upon  the  subjacent 
bones  give  similar  light  in  the  interpretation  of  fossil  remains. 
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after  the  horny  shields  themBelyes  have  perishetl.  The  ejnderm 
is  disposed  upon  tlic  head  in  various  forms :  in  luuat  freshwater 
Clu  Ionia  it  is  a  continuous  thin  hard  layer  on  the  top  and  sides  of 
the  head :  in  marine  and  terrestrial  Chehmia  it  i-^  ii>ii:i]ly  in  the 
form  of  large  plates,  leaving  marginal  impressions  on  tlie  eknil, 
and  distinguished  by  special  names:  they  are  more  symmetrical  in 
Chdone  than  in  Testudo.  The  skin  of  the  neck  and  of  the  limbft 
is  covered  by  small  contiguous  scales:  some  of  these  are  of 
largw  size  on  parts  of  the  feet.  The  epiderm  is  thickened  and 
condensed  into  a  beak  in  all  Chdoma^  and  into  daws  in  most 
In  SpJiargis,  howevery  the  claws  are  replaced  by  small  coriaceous 
scales:  in  Ckehme  only  one  digit  on  eacb  foot  supjiorts  a  daw: 
in  Caretta  two  di^ts,  and  in  Trionycid<B  three  digits,  support 
claws :  in  some  Tortoises  (  Tcstudo)  there  are  four  claws  on 
v\\c\i  foot:  in  most  Tortoises  and  Terrapins  (Emys)  iXxQve.  is  an 
additional  claw  on  the  fore-foot:  in  tlie  heavy  Land  '1  urtoiscs 
the  claws  assmne  the  form  of  hoofs.  The  cj)idenn  ot  the  tail  is 
usually  wrinkled,  and  covered  only  by  small  scales:  in  the 
Snapper  (^Chek^dra)  it  supports  a  row  of  hard  compressed 
tubercles ;  in  some  Tortoises  the  end  of  the  tail  has  a  tliick 
epidermal  sheath,  which,  in  the  male  Cmostenum,  is  armed  with  a 
pointed  tip. 

The  large  imbricate  plates  of  the  carapace  of  Chelone  have  their 
fore  border  imbedded  in  a  matrix  of  the  derm,  and  here  receive 

their  chief  increase,  the  older  parts  moving  backward,  and  being 
worn  off.  The  plates  with  contiguous  borders  receive  increase 
at  their  under  surface  and  entire  circumrei  uncc ;  the  concentric 
lines  of  growth  may  be  marks  of  aimnul  increment:*  but  these 
usually  show  a  greater  ratio  of  growth  at  the  front  and  sides  than 
at  the  back  The  old  and  dull  superficial  layer  is  worn  away,  or 
thrown  off  from  time  to  time,  leaving  the  rest  of  the  epidermal 
shield  of  a  bright  colour :  the  smooth  ^or  scaly  epideim  of  the 
limbs  and  neck  is  usually  shed  entire. 

The  skin  of  the  neck  devdopes  fimbriate  processes  and 
caruncles  in  CJirlr/s  jSmMata :  that  of  the  nose  is  produced  into  a 
short  snout  in  most  Trionydda, 

The  deeper  stratum  of  soft,  usually  imbricate,  epithelial  cells 
of  the  epiderm  are  intermixed  with  pigmental  cells,  mostly  dark 
brown  or  black;  abundant  pigment-particles  are  also  suspende<i 
in  an  oily  fluid,  occupying  areolar  spaces  of  the  deep  epiderm, 
and  usually  of  the  brighter  yellow,  red,  or  green  odours*  Such 

>  Ai  oonjcetnred  bjr  AganiX  ceo.  toL  i  pt.  it  p.  tSU. 
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pigmental  celb  are  blended  with  the  tissue  of  the  shields  and 
scales,  and  may  ornament  the  former  with  well-marked  patterns, 
e.g.  in  TeHudo  arealaUi,  Emys  omata^  Em^s  pieta,  8tc* 

Cntaneons  glands  or  foUkles  open  between  the  warts  of  die 
skin  in  Chelydra^  and  probably  occasion  their  musky  odour :  but 
this,  in  other  Chehmai  appears  to  be  due  to  hirger,  more  com- 
pact, and  more  localised  glands.  Beneath  the  epiderm  of  the 
skin  of  the  uikU  r  part  of  the  body,  in  the  Soft-Turtles,  is  an 
extensive  network  of  vessels,  spreadincT  into  dendritic  ramifica- 
tions, ton  numerous  and  ]ar<j:c  for  tlic  mere  nutritive  juirposi  s  of 
the  skin  or  supply  of  epithelial  cells,  and  therefore  probably^ 
subservient  to  respiratioQ. 

Viewing  the  integpmients  in  their  relations  to  the  external 
influences  from  which  they  defend  the  body,  and  by  which  they 
are  themselves  affected,  we  may  remark  that  most  of  the  house- 
bearing  Reptiles  which  have  the  surface  of  their  abode  habitually 
in  contact  with  air  or  water  have  the  epiderm  hard  and  thick, 
whilst  ihose  living  in  ooze  or  mud  have  it  soft  and  thin.  In  the 
sea  the  horny  scutes  may  be  partially  loosened,  and  grow  over 
one  another:  in  tlie  air  ilicy  condense  upon  the  surface  with  the 
margins  in  Contact:  in  the  mud  the  skin  is  hil)ricous :  the  only 
kn(>\vii  scalclcss  species  of  marine  hal)its  {^Splian/is  corinceri)  lias 
tlie  tegument  tough  and  Icalliery.  In  the  most  vaixrant  nnd  widely  . 
diffused  Turtle  ( Chelmie  imbricaUi)  the  separation  ot  tlic  scales 
takes  place  at  a  part  of  their  circumference,  which  makes  the 
direction  of  imbrication  the  most  favourable  to  their  aquatic 
movements.  Growing  and  projecting  frc^n  before  backward,  the 
one  in  fimnt  overlapping  the  next  behind,  the  polished  shields 
oflfer  no  resistance  to  the  forward  movement  impressed  upon  the 
body  by  the  oar-shaped  limbs;  whilst  the  scutal  interspaces, 
widening  as  the  trunk  tends  to  recede  during  the  preparation  for 
the  next  stroke,  oppose  the  backward  slipping,  and  take  hold,  so 
to  speak,  upon  the  wave,  retaining  the  advantage  of  one  stroke 
until  the  next  is  played. 

*  Ab  conjeelnnd  bj  Agaatii,  coc  voL  i.  pt.  ii.  p.  SS4* 
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CHAPTER  X. 

PECULIAR  AND  DUCTLESS  (iLANDS. 

§  101.  Scent-glands  of  Reptiles.  —  The  Chclooia,  like  most 
Keptilefl,  have  scent-glands,  with  periodical  access  of  activity, 
enabling  and  exciting,  as  it  seems,  the  sexes  to  find  each  other  at 
the  pairing  season.  In  Tortoises  the  gland,  fig.  373,  a,  is  situated 
beneath  the  skin  of  the  mentura ;  its  duct,  in  a  Testudn  indica 
of  two  feet  long,  opens  about  an  inch  and  a  half  behind  the 
symphysis  of  the  mandible,  and  about  half  an  inch  from  the 

373 


Bectiun  of  maudlhlti  thowlng  the  »crnt-gliuiil.   Ttriudo  indiM. 


mesial  line.  In  the  Turtle  the  glands  excrete  at  the  base  of  the 
neck;  in  the  Kinosternon  a  gland  is  situated  near  the  fore  and 
hind  margins  of  the  side-walls,  uniting  the  carapace  and  plastron : 
the  duct  j)erforates  the  bone,  and  opens  by  a  fine  slit  in  the  wall. 

In  the  Crocodilia  a  small  sinus  is  formed  by  an  inward  fold  of 
integument  near  the  inner  side  of  the  mandibular  ramus,  into 
which  sinus  opens  the  dilated  duct  of  a  gland,  which  is  surrounded 
by  a  muscle,  detached  from  the  back  part  of  the  pharynx,  and 
proceeding  along  the  outer  side  of  the  ccratohyal  to  expand  u|X)n 
the  gland  and  reservoir.'  Cuvier^  describes  its  contents  as  being 
unctuous,  of  a  dark  grey  colour,  with  a  strong  musky  odour. 

"  XX.  vol.  iii.  p.  272;  prep.  no.  2106.  ^  xii.  torn.  v.  p.  252  (1805). 
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The  Crocodiles  have  glandular  foUides,  which  open  at  the 
anus.  Jlunter  preserved  'a  section  of  the  skin  of  a  Turtle 
{Chelone),  to  show  a  gland  situated  near  its  anus.''  There  is  a 
glandular  fossa  which  opens  into  the  dorsal  part  of  the  cloaca, 
dose  to  the  termination  of  the  rectum  in  most  Emydians. 

The  anal  bags  in  Serpents  are  two  in  number,  of  an  elongate 
form,  fig.  357,  m:  they  are  lodged  in  the  base  of  the  tail,  and 
open  into  the  back  part  of  the  cloaca:  their  excretion  has  a 
strong,  disagreeable,  nauseating  odour. 

§  102.  Poison-(f lands  of  Rpptiles.  —  The  gland  which  8ccrctea 
the  poison  in  ordinary  venomous  Serpents  is  situated  on  e;ich  side 
the  head,  anterior  to  the  tymj)anie  pedicle,  inclosed  iu  a  strong 
capsule,  lig.  145,  (p.  227),  and  partly 
covered  by  the  muscle  analogous  to 
the  masseter,  ib.  e,  some  of  the  fibres 
of  which,  fig.  374,  a,  are  attaclied  to 
the  capsule,  ib.  h.  On  reflecting  these, 
as  in  fig.  374,  the  gland,  ib.  c,  is  seen  j 
coni}M>s<'d  of  a  series  of  elongated 
narrow  lohes,  extending  from  tlie  main 
duct  at  the  lower  border  of  the  gland 

ujiward  and   l)aekward.     Each  lobe  ro»«oii  appwrmtiu  of  um  viper  {V^tra 
gives  ofi'  a  series  of  lobules,  which  arc 

again  subdivided  into  smaller  ca'ca.  Their  secretion  is  collected 
into  the  dilated  beginning  of  the  duct  wliich  conveys  it  to  the  base 
of  the  poison-fang,  f ;  the  bristle  e  passes  from  the  duct  into  the 
poison-eanal  ol'  tlie  lang,  the  structure  of  which  is  described,  pp. 
300  398  :  the  gum-capsule,  d,  of  the  reserve-fangs,  is  laid  open. 
Iu  Hydrophh  the  poison-gland  is  f»f  smaller  size,  narrow,  elongate, 
broadest  behind,  and  extended  upon  the  maxillary  and  ccto- 
pteryg(^id  bones,  in  advance  of  the  masseter :  its  capsule  is 
attached  to  the  tendinous  tract  (p.  228)  detached  from  the 
digastricus  and  cctopterygoid :  its  duct  enters  the  foremost  of  the 
series  of  four  to  six  small  fangs  attached  to  the  maxillary.  The 
bite  of  these  inferiorly  endowed  venomous  Sea-Snakes  has  proved 
fatal :  they  are  said  to  occasionally  climb  along  the  hawser  into 
ships  at  anchor ;  and  as  they  may  be  drawn  in,  adhering  to  it  by 
their  prehensile  tail,  or  be  caught  in  the  fishing-net  and  hauled 
on  boards  it  is  well  that  their  dangerous  property  should  be 
known. 

The  secretion  of  the  poison-gland  is  a  tasteless  fiuid,  drying 
under  exposure  to  air  into  small  scales :  it  is  soluble  in  water, 

*  xz.  vql.  iii.  p.  879,  pfep.  no.  SISO. 
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uiflolable  in  aloohol,  and  8li|^tly  reddens  litmus  psper:  it  long 
retains  its  noxious  property.  Against  this  the  muoous  surface  of 
the  alimentary  tract  is  proof:  the  pcMson,  to  take  effect^  must 

enter  the  current  of  the  blood.  Here  it  is  or^narily  introduced 
by  the  puncture  of  the  poison-fang,  but  it  takes  effect  by  applica- 
tion to  an  abraded  surface.  The  jx)ison  affects  the  nervous 
system ;  death  is  usually  preceded  by  spasmodic  convukions,  and 
followed  by  speedy  putrefaction. 

§  103.  The  Thyroid  Body  or  Gland  of  Hcpmatocrya. —  In  the 
Skate  {Raia)  the  body  which  seems  to  have  best  claim  to  be 

regarded  as  a  thyroid  is  situated  stemad 
of  the  terminal  division  of  the  branchial 
artery,  of  a  reddish-grey  colour  and  con- 
glomerate exterior.  It  oonfflsts  of  nume- 
rous, mostly  subspherical,  yendesy  of  fi 
61  fir  diameter,  fig.  375,  having 
a  structureless  tunic,  a,  lined  by  a  thick 
stratum  of  epithelial  substance,  consist- 
ing of  nuclei  and  granular  mutter,  B.  Dr. 
Handfield  Jones,  who  has  given  the  above 
result  of  microscopical  investigation  of  this 
ductless  gland,  also  found,  in  the  Skate, 
<at  some  distance  behind  it,  just  at  the 
junction  of  the  branchial  arches  anteriorly, 
a  small  light  reddish  mass,  which  was 
covered  by  a  thin  fascia,  and  by  mucous  membrane.*  >  It  consisted 
*  of  vesicles  about  -j-J^  to       inch  diameter,'  fig.  376,  *  fonned 

by  a  structureless  '^Hmitary'* 
tunic,  thickly  lined  by  epithelial 
substance,  and  containing  abund- 
ance of  nuclei  and  granular  matter, 
with  a  few  cells.  The  pscudo- 
branchia,  situated  on  the  anterior 
wall  of  the  spiracular  canal,  is 
manifestly  of  entirely  different 
structure  to  the  organs  described. 
It  consists  of  small  plicaB  of  mucous 
membrane,  covered  by  a  kind  of 
pavement  epithelium.'' 
In  the  Menobranchus  the  thyroid  is  represented  by  two 
symmetrical  bodies,  situated  at  the  sides  of  the  basibranchials. 

'  ccLxxxix.  p.  1110.  '  lb.,  and  see  cxlv.  p.  270,  with  reference  to  ibenoQ- 

thyroid  nature  of  the  pseaUu-branchi«  in  other  iishcs. 
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In  the  Trog  they  lie  on  the  carotids,  also  close  to  the  basi- 
branchialR,  or  thyrohyals. 

In  a  Python  of  ten  feet  in  lenrrth  the  thyroid  was  an  oval  body, 
ten  lines  by  six  lines  in  the  two  diameters,  lodged  in  the  fork 
made  by  the  divergence  of  the  large  and  small  carotids,  and 
having  the  sinallor  thymus  bodies,  one  on  each  side. 

In  the  true  Li/unls  (Lacerta)  the  thyroid  is  single,  but  broader 
than  it  is  long;  in  the  Monitor  it  is  double:  it  is  single  m  Geckos, 
Skines,  and  Chameleons,  but  has  a  more  advanced  position  in  the 
latter,  where  it  is  undcrlap|H  <K  or  covprod,  by  the  laryngeal  pouch. 

In  Chchniia  the  thyroid,  as  in  Serpents,  lies  between  the  two 
carotids,  but  is  ii«unlly  covered  by  the  pericardial  part  of  the 
thymus.    The  constituent  vesicles  are  from  -^^  to  ^  inch  diameter, 
closely  aggregated  :  the  epithelial  lining  contains  a  row  of  nuclei 
imbedded  in  the  granular  substance,  fig. 
278.    Among  the  contents  of  the  vesicles  W 
were  found,  in  most,  *  one  to  three  yellow-  ^^o^^t^^gS^&te-,^ 
ish,  coarsely  granular  globules,         to  4|pgf|jU^^^^B 

inch  diameter.'  '  A  fine  laige  octo-  „  ^ , ^  ^^t^ 
hedral  crystal  was  also  seen  in  one  of  the  u>eUij?roia«r*T«rtaiifc  couuut. 
cavities.'* 

§  104.  The  Thymus  Body  or  Gland  of  nrpHles.—The  ductless 
gland-like  tubulo-vesicular  body  to  which  the  name  'thymus* 
can,  with  any  homological  probability,  be  given  makes  its  first 
appearance  in  the  Vertebrate  series  with  the  establishment  of 
lungs  as  the  main  or  exclusive  respirstorj  organ.'  Thus  in  &ren 
and  Piraieus  the  thymus  is  wanting,  as  in  all  Fishes:  in  tailed 
Batrackia  {Menapoma,  Dr&on)  it  is  represented  by  a  pair  of 
bodies  situated,  one  on  each  side,  near  the  origin  of  the  pulmonaiy 
artery.  They  make  ihdr  appearance  near  the  same  part,  but 
rather  more  in  advance  of  die  pericardium,  in  the  larva  of 
anourous  Batrachia,  and  often  degenerate  into  fat  in  the  old  Fhig 
or  Toad,  In  most  Ophidia  the  Siymus  lies  on  each  side  of  the 
carotid,  of  elongate  form  and  unequal  size :  sometimes  in  two  or 
more  distinct  |Mrts :  usually  associated  with,  and  concealed  by, 
fatty  matter.  In  a  Python  of  ten  feet  in  length  I  found  the 
thymus  in  two  bodies,  each  about  the  size  of  a  pea,  of  a  yellowish 
colour,  one  situated  on  the  termination  of  the  right  jugular,  the 
other  between  the  origin  of  the  larger  carotid  and  the  left  jugular. 
Between  the  thymus  bodies  was  the  much  larger  single  thyroid. 
In  the  Psammosaur  and  Iguana  the  thymus  is  broad  and  fiat, 
covers  stemally  the  thyroid,  extends  along  the  common  trunk  of 

•  CCLXXIX.  p.  1 1 00.  '  CXVUI. 
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the  carotids,  and  divides  to  accompany  them  a  short  distance.  In 
the  young  Crocodilr'  tlio  tliymus  is  rehitively  hirger,  thicker, 
Bubtrihedral,  extending  backward  upon  the  pericardium,  as  well 
nf^  forward  along  the  carotids  to  the  basis  cranii.  In  young 
Chelonia  an  elongate  body,  of  a  yellowish  white  colour^  lies 
between  the  carotid  and  axillary  trunks  on  each  side :  it  presents 
lateral  caritiesy  defined  by  limitary  menibrane»  and  contaimng 
nnoleiy  oil-drops,  and  fine  molecular  matter.  In  older  Chelonia  it 
seems  to  degenerate  into  fat 

§  105.  Reproducible  Parts  in  HtenuUoerya. —  One  effect  of  life 
i.^  tlie  rej^roductiun  of  the  parts  of  the  body  as  they  pass  away 
through  unfitness  for  the  retiuircd  actions  :  this  mainly  takes 
place  molecularly  and  invisibly :  but  ]mrts  of  the  integument,  hairs, 
teeth,  antlers,  may  be  cast  ^jti  « n  )ji,rss<\  and  re|)roduce<l  on  a  scale 
w^hich  catches  the  ordinary  attention  as  a  new  growth.  Certain 
animals  have  the  faculty  of  reproducing  organs  and  compound 
parts  of  the  body  which  may  have  been  removed  by  violence: 
amongst  Vertebrates  the  property  is  greatest  in  the  cold-blooded 
series ;  and  here,  so  &r  as  experiment  yet  shows,  is  most  conspi- 
cuous in  the  tailed  species  and  laryie  of  the  batrachian  order.  In 
the  Newt  ( TrUon)  the  tail,  amputated  at  any  distance  from  the 
base,  is  reproduced :  the  same  with  respect  to  the  fore-limb  and 
hind-limb,  the  reproduced  member  ha\ing  the  digits,  but  with 
diiiiiuished  power  of  movement.    The  same  member  lias  been,  in 
young  Newt4»,  removed  and  restored  four  times  successively.  In 
the  exp(M'ime!it^  recorded  by  lk)nnet,*  it  was  found  that  warmth 
promoted,  and  cold  retarded,  the  regeneration  of  the  part*  An 
eyeball  of  a  Newt  was  extirpated,  and,  in  the  course  of  a  year,  it 
was  restored  with  the  usual  organisation.    Dum^  cut  otf  about 
three-fourths  of  the  head  of  a  Triton  marmoratus,  and  de|>osited 
the  animal  at  the  bottom  of  a  large  yessel,  having  half  an  inch 
depth  of  water,  which  was  constantly  renewed.    The  Newt  con- 
tinued to  live,  and  to  move  slowly.    The  nostrils,  the  tongue,  the 
eyes,  and  the  ears  were  gone,  and  the  senses  reduced  to  that  of 
touch.    It  crept  slowly,  and  Dum^ril  imagines  cautiously,  about^ 
occasionally  raising  the  neck  to  the  surface,  as  if  to  breathe.  The 
process  of  cicatrisation  at  length  completely  closed  the  aperture  of 
respiration  and  deglutition;  and  so  it  survived  for        e  months 
after  the  operation,  when  it  died  from  accidental  neglect.  This 
experiment  exemplifies  cluefly  the  power  of  endurance  of  mutila- 
tion, and,  collaterally,  the  respiratory  function  of  the  skin.  In 

*  I  have  not  had  an  opportunity  of  examining  this  structure  in  a  full-grown  gpeci* 
men  of  CnMOdilian.  •  oocf.  Com.  xi.  pp.  62-1 7tt. 
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the  young  lame  of  Jtana  temporaria  and  Bombinator  igneusy  Dr. 
Gunther  cut  off  the  tail,  and  it  was  reproduced  before  the  time 
when  its  absorption  nonnally  commences :  it  was  transparent  and 
colourless,  a  small  quantity  of  pigment  being  deposited  at  its  root 
only.  '  Larv»  from  fourteen  to  twenty  clays  old  did  not  survive 
the  loss  of  the  entire  tail,  pxobaUy  because  tiiey  are  disabled  from 
obtaining  the  requisite  food ;  but  if  only  a  portion  of  the  tail  be 
cut  off,  it  is  more  or  less  completely  reproduced  until  its  growth 
is  arrested  by  the  commencement  of  the  last  stage  of  metamor- 
phosis. If  a  hind  limb  be  cut  off  when  the  larva  is  ahout  two 
lines  long  it  is  reproduced.  jSo  part  of  an  Anourous  liatrachian 
is  reproducible  after  completion  of  tlie  metaiiiorphuBis,  not  even 
the  interdigital  web.'' 

In  Reptilia  the  power  of  local  rejiroduction  has  been  exempli  lied 
chiefly  in  respect  of  the  tails  of  Lizards.  Hunter  s  preparations, 
nos.  22()^i  2223,  are  all  from  this  order,  and  include  species  of 
Ameh-a ,  (!rrho,  and  true  Lavfrta.  No  instance  of  the  restored 
t4iil  shows  o>:'iiic(l  verti'bra%  and  some  exemplify  the  tendency  to 
greater  abnormality  in  the  re{)roduced  part.  A  structure  of  the 
normal  caudal  vertebra},  related  apparently  to  this  ])roperty,  is 
noticed  at  p.  59  :  the  caudal  muscles,  by  their  pro[)ortion8  and 
interlocking  arrangement,  seem  likewise  to  favour  the  rupture  of 
tlie  tail.  AVhen  it  is  cast  off,  it  continues  to  M-rithe  for  some 
time,  and,  when  these  moti(tns  have  ceased,  excmplilies  the  reflex 
function  on  being  pricked  or  otherwise  irritated. 

The  degree  in  which  the  rcjjroduction  of  parts  is  exemplified 
in  Fishes  awaits  the  results  ol"  experiment*^.  Van  der  TToevcn* 
affirms  that  parts  of  the  fins  are  restored  after  amj station,  and 
that  the  power  is  limited  to  this  extent.  Amputation  of  the 
small  adipose  dorsal  fin  has,  however,  served  to  mark  an  indl%'idual 
Salmon  from  its  *  parr  *  state  to  that  of  the  *  grike ;  and  it  appears 
that  only  the  peripheral  (dermoneural  or  dermohaemal)  rays  are 
reproducible,  and  to  this  the  hard  ones  in  Acanthopterans  form 
an  exception.  <  The  modified  dermoneurals  forming  the  cephalic 
tentacles  of  Lophius  and  AfUennarius  are  as  frequently  repro- 
duced as  they  are  injured,  to  meet  the  particular  use  which  these 
anting  fishes  make  of  them:  tiiey  may  be  observed  in  every 
stage  of  growth.  Lost  parts  of  fins  appear  to  be  more  easily 
reproduced  in  young  than  in  old  fishes.'^ 

»  M&  NolM  by  Dr.  A.  QQnther.  *  cccv.  vol  Q.  ]».  69. 

•  occxxxir.  'The  wonnd  caused  by  marking  was  covered  with  skin,  and  in  some 
«  eoating  of  sealM  bad  fomed  part.*  Page  5.       *  MS.  Notes  b/  Dr.  A.  Qiinthar. 
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CHAPTER  XL 

OENEBATIYE  SYSTEM  OF  U^MATOCRYA. 

§  lOG.  Male  Organs  of  Fishes, — All  Fishes  are  dioecious,  or  of 
distinct  sex.  The  male  parts  of  generation  present  a  progreauTe 
gradation  of  complexity  from  the  eaaential  gland«  or  testis,  as  a 
single  organ  distinguishable  only  hy  microscopic  examination  of 
its  contents  from  an  oyariumy  to  a  more  definite  and  ooncentrmted 
form  of  testis  with  complete  bipartition ;  then  to  the  developement 
of  a  proper  duct  or '  vas  deferens/  next  of  a  Tefflcula  aemlnalis 
and  prostate,  afterwards  of  an  intromittent  organ,  and  finally  of 
superadded  *  clampers,'  or  meclianical  iustrumeuts  for  retention 
of  the  female  in  coitu.  In  Petromyzon  marinus  the  testis  is  a 
long  thin  plat«,  disposed  in  the  form  of  a  scnes  of  folds,  closely 
attached  by  a  duplicature  ot  the  peritoneum  to  the  median  line  of 
the  back  of  the  abdomen,  between  the  kidneys ;  the  extension  of 
the  overlapping  oblique  folds  to  the  right  and  left  of  the  line  of 
attachment  feebly  indicates  the  duplex  character  of  the  gland*^ 
Its  tissue  consists  of  small  spherical  cells  filled  with  spermatozoa, 
fig«  402.  These  escape,  by  dehiscence  of  the  cells  and  rupture 
of  the  peritoneal  covering,  into  the  abdominal  cavity,  and  are 
expelled  by  reciprocal  pressure  of  the  intertwined  sexes  fiom  the 
peritoneal  outlets  at  the  cloaca.  The  Eel  closely  resembles  the 
Lamprey  in  the  general  form  and  condition  of  the  male  or^ns; 
but  the  riglit  and  left  sides  of  the  plicated  testis  are  more  distinct, 
and  the  spermatic  cells  are  more  numerous  and  minute. 

The  Sfind-Ecl  {A/rnn(></>/frs)  -  has  a  single  testis,  compacted  into 
an  elongated  triedral  tbrm,  and  impressed  by  a  median  longitudinal 
fissure :  it  usually  inclines  a  little  to  the  right  side.  In  the  Perch 
the  single  testis  inclines  to  the  left:  in  the  Blenny  and  the  Loach 
it  lies  in  the  middle  line.  In  these  osseous  fishes  the  glandukr 
part  of  the  testis  is  inclosed  in  a  proper  fibrous  capsule,  which  is 
continued  from  the  posterior  end  of  the  gland,  with  its  serous 
covering,  into  a  short  and  simple  sperm-duct,  or  '  vas  deferens," 
which  opens  usually  into,  or  receives,  the  urethral  prolongation 
of  the  urinary  bladder.    In  the  Gurnard  the  testes,  fig.  378,  a, 

I  XX.  ToL  ir.  p.  48.  prup.  no.  3373.  *  lb.  p.  49.  prap.  aa  997S. 
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arc  distinct  from  eacli  other,  but  their  *  vasa  deferentla '  almost 
immediately  unite  into  a  common  duct,  e,  which  joins  the  urethra, 
c,  behind  the  rectum,  A,  and  termiimtes  at  the 
outlet,  g.  In  the  Salmon  and  the  Herring  the 
'vasa  deferentia'  do  not  unite  together  until 
near  their  termination  in  the  urethra.  In  the 
Cod  and  the  Bull-head  (Cottus)  the  common 
portion  of  the  efferent  duct  is  much  dilated  : 
it  forma  a  saccular  seminal  reservoir  In  the 
Sole.  The  canal  common  to  the  ureter  and 
vas  deferens  is  of  «j:reat  lenfrth  in  the  Sturgeon  : 
a  valve  prevents  the  regurgitation  of  the  urine 
into  the  spermatic  duct.  The  urethra  is  usually 
produced  into  a  papilla,  which  projects  con- 
spicuously from  the  back  part  of  the  cloaca  in 
the  TmparoDS  Poecilia,  Anableps,  and  Blenny : 
it  is  large  also  in  the  Lump-fish.  The  testes  are  almost 
entirely  extra-abdominal  in  the  Flounder  and  tome  other 
ronectidm,  extending  backward  into  a  kind  of  concealed  scrotum 
between  the  integuments 
and  muscles  on  each  side 
aboye  the  anal  fin.  The 
testes  differ  much  in  form 
in  different  Osseous  Fishes, 
bat  are  remarkable  in  aU 
for  their  enormous  seasonal 
increase:  when  iully  deye- 
loped,  they  are  commonly 
known  as  Ihe  *  milt'  or '  soft 
roe.'  In  Gymnotiu  they  are 
two  oblong  triedral  bodies, 
attenuated  at  both  ends. 
In  the  Pipe-fishes  (^S^n- 
0$utihi)  they  present  thefonn 
of  two  simple  elongated 
straight  tubes,  fig.  427, 
^3.'  In  the  Lump-fishes 
(Cycloptert)  they  are  di- 
vided by  incisions  into 
lobes:  in  the  Cod  a  vast 
extent  of  the  vascular  sur- 
face of  the  glandular  substance  is  packed  into  a  small  com- 

*  XX.  vol.  iv.  p.  48,  prep.  no.  2375. 
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pass,  by  being  dispoeed  in  oonvolntions  upon  the  edgfe  of  the 
*nieflorchium.'  The  primitive  spermatic  cells,  which  are  per- 
sistent in  the  Cyclostonies,  have  coalesced  into  tubes  (tubuli 
seminiferij  in  O.^irJcous  Fishes;  the  tul)es  o|>en  at  one  end  in  the 
wide  and  sonietlnies  saccular  euinniencement  oi"  the  vas  deferens, 
aud  terminate  at  the  other,  either  by  blind  free  extremities  or 

by  reticulate  anastomoses.'  In  the  Herring,  iShad. 
and  other  Glupeoids,  the  secerning  tubes  ramify 
and  anastomose  in  the  subetance  of  the  testide, 
and  from  this  plexus,  fig.  379,  the  initial  c»ca 
are  prolonged  to  the  BurStice  of  the  gland,  where 
their  obtuae  blind  ends  give  a  granulated  appear- 
ance to  the  exterior. 

In  the  Pla^iostomes  the  testes,  figs.  352,  k, 
380,  a  J  are  always  distinct  from  one  another,  and 
usually  of  a  ciicuniscribed  compact  form,  situated 
far  forward  in  tlic  abchmiinal  cavity.  They  have 
a  proper  capsule,  or  '  tunica  albu*;inea,'  and  a 
peritoneal  coverin*;;  the  capsule  sends  many  *  septa' 
into  the  substance  of  the  gland,  and  the  lobea  thus 
formed  consist  chiefly  of  the  tubuli  testis,  and 
theur  expanded  cell-like  extremitiea,  filled  with 
the  spermatozoa :  the  convolutions  of  the  *  tubuli  * 
are  plainly  discernible  in  the  portion  of  the  testis 
of  Ihe  Basking  Shark  {Selaehe  maxima)  preserved 
Hunterian  Museum,  London,  prep,  na 
2396,  A.^  Xuniorous  '  vasa  eHcrentia"  convey 
the  'semen  '  to  the  beginning;  ol'  the  '  vas  deferens,'*  which  ft>rms 
a  hu'*^('  '  epiilidymis/  fig.  380,  A,  by  its  mauilbld  convolutions. 
These  gradually  decrease  as  the  duct,  ib.  r,  approaches  the  cloaca, 
when  it  becomes  straight,  and  expands  into  an  elongated  reservoir, 
ib.  the  mucous  surface  of  which  is  commonly  increased  by 
numerous  transverse  plicss,  as  in  Spinax  and  Selache.  Behind 
the  termination  of  the  rectum  the  *vasa  deferentia'  suddenly 
diminish,  approximate,  communicate  with  the  ureters,  and  ter-^ 
minate  upon  the  cloacal  penis,  fig.  352,  o.  This  is  hardly  visiUe, 
and  the  testes  are  very  small,  except  at  the  breeding  season,  in 
the  Piked  Dog-fish  (Sjnnax), 

The  claspers  are  present  in  the  Chima^roid  Fishes  as  well  as  in 
the  Planiostonies.  They  project  backward,  as  aj)i)endages  to  the 
bases  of  the  anal  fins,  and  are  sometimes  bent  inward  at  their 
free  extremities,  figs.  352,  g,  380,  in.    A  ear  this  part  may  be 

*  oxxii.  p.  106.         *  XX.  Tol.  iv.  p.  SS  *  CXZZIT. 


Diyiiizeo  by  Google 


FEMALE  ORGANS  OF  FISHES. 


571 


381 


discerned  a  fissure,  which  is  the  outlet  of  a  blind  sac,  extending 
forward  from  the  base  of  the  chis|)er,  beneath  the  muscles  and 
skin,  at  the  sides  of  the  cloaca.  The  inner  surface  of  the  cavity 
is  smooth,  and  lubricated  by  a  fluid  mucus:  the  attached  va.scular 
surface  is  richly  supplied  with  vessels,  especially  with  veins:  in 
the  Rays  a  glandular  l)otly  adds  its  secretion  to  that  of  the  surface 
of  the  cavity. 

§  107.  Female  Organs  of  Fishes. — The  gradations  of  structure 
of  the  female  organs  correspond  very  closely 
with  those  of  the  male.  In  the  young  Lam- 
prey the  ovarium  is  a  simple  longitudinal  mem- 
branous plate,  fig.  381,  c,  suspended  by  a  fold 
of  the  peritoneum  fmesoarium)  along  the  under 
part  of  the  vertebral  column :  it  increases  in 
breadth  and  thickness  as  the  ova  are  developed 
in  it,  and  still  more  so  in  length,  being  accom- 
modated to  its  locality  by  numerous  folds,  fig. 
382.  Hut  no  superadditions  are  made  to  this 
primitive  structure:  the  ova,  d,  escape  by 
rupture  of  their  capsules  into  the  abdomen,  6, 
and  are  excluded  by  the  peritoneal  aperture, 
ib.  /.  In  all  other  Fishes  in  which  vasa 
deferentia  are  absent  in  the  male,  oviducts  are 
absent  in  the  female.  But  it  does  not  always 
happen,  where  vasa  deferentia  are  developed  in  the  male,  that 
the  homotypal  ducts  exist  in  the  female:  the  Salmon  is  an 
example  in  which  the  ova  are  discharged  by  dehiscence  into  the 
abdominal  cavity,  and  escape 
by  peritoneal  outlets,  as  in 
the  Eel  and  Lamprey. 

With  this  exception,  the 
parallelism  of  the  male  and 
female  organs  is  very  close. 
Thus  the  ovarium  is  single 
in  those  bony  Fishes,  as  the 
Perch,  the  Blenny,  the 
Loach,  and  the  AmnKxIyte,' 
in  which  the  testis  is  single: 
the  median  cleft  of  the  ovary 
of  the  Annnodyte  is  deeper 
than  that  of  the  testis,  but  the  ccmtinuity  of  the  two  seemingly 
distinct  glands  is  obvious  at  the  upper  and  lower  ends.  In 

•  XX,  vol.  iv.  p.  133.  prep.  no.  2675,  a. 
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most  Osseous  Fishes  the  ovaria,  fig.  383,  a,  fonn  two  elongated 
sacs  of  mucous  membrane,  with  a  thin  fibrous  tunic  and  a  perito- 
neal covering,  closed  anteriorly,  but  produced  posteriorly  into  t 
short,  straif>;ht,  and  conunonly  wide  oviduct,  terminating  behind 
the  anus,  and  commonly  before  the  urethra,  f\<r,  281,  i.    In  the 

Pipe-fishes  the  conducts  con- 
tinue distinct  to  the  cloaca. 
In  most  Fishes  the  oviducta 
coalesce,  after  a  brief  course, 
as  in  the  Herring,  or  after  a 
longer  course,  into  a  single 
tube  before  arriving  at  the 
cloaca :  the  common  terminal 
portion  becomes  much  dilated 
in  the  Cod-fit^h,  the  Lump-fish, 
and'some  others.  The  *  stroma,' 
or  cellular  tissue,  which  is  the 
seat  of  devclopenient  of  the 
ova,  is  interposed  between  the 
mucous  and  fibrous  tunics  of 
the  ovarian  sac  :  it  sometimes, 
though  rarely,  is  coextensive 
with  the  mucous  membrane. 
In  the  Lophius  the  two  ovaria 
are  long  and  large  plicated 
tubes,  flattened  when  empty, 
cylindrical  when  inflated,  with 
the  ovigerous  stroma  lining,  as 
it  were»  only  the  yentral  half 
of  the  walls  of  the  cylinder,  and  terminating  where  the  ovidncil 
portions  of  each  sac  unite  together  to  form  the  common  short 
efferent  canal.  The  inner  sudhoe  of  the  *  stroma '  is  beset  with 
small  tubercles,  arranged  in  interrupted  linear  series,  each  tuberde 
supporting  four  or  five  papilliform  orisa^  In  the  Pike  the  stroma 
forms  a  longitudinal  strip,  in  short  transverse  plaits,  along  the 
median  side  of  the  long  ovarian  sacs :  fig.  383,  B,  shows  two  of  the 
ovarian  plaits,  from  which  tiie  developed  ova  hang  in  subpednn- 
culate  ovisacs.  In  the  Wolf-fish  the  stroma  extends  over  the 
whole  of  the  internal  surface  of  the  ovary,  into  the  cavity  ol 
which  it  projects  in  the  form  of  numerous  oval  comprwed 
processes.  In  genend,  its  superfides  is  extended  by  being  plaited 
into  numerous  folds,  which  are  transverse  in  the  Cod  and  Salmon, 
oblique  m  the  Mackerel,  and  longitudinal  in  some  other  Fishes. 
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In  the  Salmon  the  free  surface  of  the  stroma  is  exposed.  In  the 
Osseous  Fishes  that  retain  and  hatch  their  ova  the  stroma  does 
not  extend  to  the  posterior  part  of  the  ovarian  sac,  but  this 

384 


Tlscvm  of  female  Shark,  xx. 


serves  as  a  kind  of  uterus,  and  contains  an  abundant  aIbumLn<-::tf 
secretion  at  the  season  of  the  internal  incubation.   The  vivitor.ni* 
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Bltxmy  {Zoareet)^  the  Anablcjm,  the  Pcecilia,  and  Embiotoca' 
are  examplee  of  ovo^viviparone  Oweoiia  FtsheB,  and  at  the  aame 
Ume  manifest  naturally,  what  oocun  as  a  tare  adnonnality  in 
higher  Vertebrates^  tiz.  ovarian  gestation.    In  the  Phiace  and 

other  Pleuronectidte  the  paraUelism  between  tiie  male  and  female 
organs  is  so  close  that  the  ovaria  also  escape  from  the  abdomen, 
and  become  lodged  in  greater  or  less  proportion  in  subcutaneous 
scrotal  cavities  above  the  basis  of*  the  ;iniil  iln.* 

In  the  Lamprey  the  short  antl  imrr(,)\v  lateral  iiilimdibuliform 
passages  behind  the  rectum,  iiito  which  the  ureters  open,  and 
which  ttnainate  in  the  ]>oritoiieal  outlets,  fig.  381,  f\  /,  liave  l>eeii 
compared  to  short  oviducts.  In  the  Sturgeon  actual  oviducts 
are  continued  from  the  ureters  furward,  whioli  open  by  wide 
int"mulil)uhir  apertures,  comparable  to  the  *  morbus  diahoH '  of 
uiitlii(»pot<)inv,  into  tlir  general  peritoneal  cavity,  and  receive  ilie 
ripe  ova  as  tliey  bur^t  IVoiu  the  ovarinni.  The  urine  is  prevenuid 
from  regurgitation  into  tlie  t.cruus  cavity  througli  the  same 
passage  by  a  valve  which  only  allows  the  passage  of  the  ova 
backward  into  tlie  t  Minnon  urogejiital  duct. 

The  hiiiher  grade  of  tlie  scxntd  orixani.saiiou  of  the  female 
Pl:i<_:ii>>tonie,  as  compared  with  the  cartilaginous  Ganoid  fish,  i^ 
nianirestei]  chiefly  bv  modifi(\*Jtion  of  the  oviducts:  they  are 
always  two  in  nuinVxT,  tig.  3(^4 ,  y,  r,  an<l  distinct  from  one  end 
to  the  other,  but  tliey  are  in-onght  into  chtec  proxiuiitv,  or 
coalo-ce  at  l>oth  ends  :  they  are  silways  distinct  from  the  ureters, 
whicli  terminate  on  the  prominent  urethral  clitoris,  ib.  /.  between 
the  oviducal  outlets,  ib.  «,  s.  Ditlerent  parta  of  the  o\  iduets  are 
modified,  moreover,  for  special  functions,  8upera<lded  to  that  of 
efl'ecting  the  safe  transit  of  the  generative  product.  The  OTaria 
of  Plagiostomes,  fig.  384j  n,  arc  relatively  much  smaller  than  b 
other  Fishes,  of  a  more  compact  form,  and  confined  to  the  fore 
part  of  the  abdominal  cavitj:  they  are  sometimes  Mended  intot 
single  body.  The  stroma  is  not  spread  over  the  wails  of  a  cav-itj, 
but  is  collected  into  a  loose  cellular  mass,  circumscribed  by  a 
iibrous  membrane,  and  suspended  by  a  duplicaturc  of  peritoneum 
to  the  dorsal  parietes  of  the  abdomen,  at  the  sides  of  the 
(Tsophagns.  The  ova  are  much  fewer  in  number  tlian  in  the 
*roe'  of  ()>-e(tus  Fishes,  and  are  seen  in  different  stages  of 
growth,  being  developed  more  consecutively.  The  approximale 
or  confluent  abdominal  apertures  of  the  oviduct,  ib.  q,  are  anterior 
to  the  ovarium^  between  the  liver  and  the  pericardial  septum; 
they  form  together  a  heart-shaped  opening,  with  entire  maigio^j 

*  ccoxxxr  *  XLnL  r.  pi.  4,  1. 
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attached  hy  two  divcrnlnir  ligaments  U}  the  abdominal  walls.  If 
a  little  [)Owdered  charcoal  be  sprinkled  on  the  ovarian  orifices  and 
ligaments  exposed  by  opening  the  abdomen  in  a  fresh  caught 
female  Dog*fish»  the  particles  will  be  seen  to  move  towards  and 
enter  the  common  oviducal  apertare,  indicatiTe  of  a  ciliated 
epitheliwn  in  the  serous  membrane,  which  may  aid  in  ihe 
transport  of  the  ova  to  that  aperture.    The  oviducts*  narrow, 
and  with  thin  tunics  at  their  commencement,  divei^  from  each 
other,  arching  over  the  fore  part  of  the  ovaria,  and  then  descend 
along  the  ventral  surlacc  of  the  kidneys,  to  terminate  at  the 
lateral  and  posterior  parts  of  the  cloaca,  ib.  s,    A  giaiuiular  Ijody, 
ib.  Oy  is  devclupctl  in  their  coats,  after  the  first,  fifth,  or  sixth  {>art 
of  their  extent,  and  their  terminal  liali'  or  third  part,  ib.  r,  is 
dilated;  the  sizes  of  the  glandular  and  of  the  uterine  parts  of 
the  oviduct  arc  usually  in  inverse  proportion :  in  the  oviparous 
Plapnstomes  the  gland  is  large,  the  uterus  small,  and  the  reverse 
obtains  in  the  viviparous  species,  fig.  384.    The  inner  surface  of 
the  Fallopian  ])ortion  of  die  oviduct  presents  longitudinal  or  very 
oblique  folds  of  the  delicate  mucous  membrane:  but  near  the 
aperture  the  folds  resolve  themselves  into  minute  compressed  villi. 
The  glandular  part  varies  in  stnicture  as  well  as  in  size  in  different 
species.    In  the  viviparous  Dog-fi?h  (  Sphtax  aamthias)  it  con.-iists 
of  two  elliptic  flattened  loben,  ol  laniiiiatcd  structure,  the  free 
surface  pre^entiiiir  minute  transverse  stria?,  beset  with  pores,  the 
orifices  of  secerniutr  iul)e.s,  the  acrirroiiate  of  which  coinixiscs  the 
layer  of  trlandular  substance.    In  the  oviparous  Homelyn  ( Baia 
macukUa)  the  lobes  of  the  large  rudimental  glands  are  reniform, 
and  consist  of  close-set  layers  of  secerning  tubes.    In  the  Tope 
i^Galtus)  the  lobes  of  the  gland  present  the  same  essential 
structure,  but  are  conical,  subspiral,  and  hollow.    The  uterine 
part  of  the  oviduct  in  tiie  viviparous  Dog-fish,  fig.  384,  r,  has 
the  lining  membrane  produced  into  longitudinal  folds,  with  wavy 
margins,  each  of  which  contains  a  single  vessel  following  its 
sinuosities,  and  sending  off  branches  to  the  parietes  of  the 
oviduct :  the  folds  i^radnally  subside  at  the  outlet  of  the  ovuluet. 
Tn  the  ovi])arnus   i>(>u-li>h  ( SnfUmm)  the  folds  of  the  lining 
memiirane  of  the  corrosiiondlni:;  part  of  the  oviduct  are  nMntue, 
and  their  vessels  are  derived  from  trunks  in  the  wall-  nt  ilie 
oviduct,  and   are  distril)uted  in  minute  and  tortuous  ramifi- 
cations on  the  folds.*     The  uterus  of  the  Smooth  Dog-fish 
{ScoliodoH,  M. ;  Emissole  Itm^  Cuv.)  shows  several  uterine 

*  3UC  vol.  iv.  p.  136. 
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ootyMoDS  deyeloped  fiom  the  Internal  aurfaoe  of  the  dilated  put 
of  the  oviduct:  corresponding  foetal  cotyledons  are  developed 
from  the  vitellicle  of  the  embryo. 

Thus  the  yarious  forms  of  the  generative  organs  of  Fidies 
resolve  themselves  into  four  well-marked  grades  of  oompleauly. 
First,  the  essential  gland^  testis  or  ovarium,  without  excretory 
canal.  Second,  the  same,  with  a  simple  duet,  continuous  with 
testis  or  ovarium.  Third,  a  partial  oviduct,  not  continuous  with 
the  ovarium,  and  not  separated  from  the  ureter.  Fourth,  testis 
or  ovarium,  of  a  more  compact  form,  each  with  a  long  and 
complex  duct,  distinct  from  the  ureter  ;  the  beginning  of  the 
vas  deferens  convoluted  into  an  c|ndidyniis,  and  its  end  dilated 
into  a  seminal  reservoir,  with  a  plicated  glandular  inner  surface : 
the  oviduct  not  continuous  with  the  ovarium,  hut  with  a  uida- 
mental  gland  near  its  commencement,  and  dilating  into  a 
receptacle,  with  a  plicated  surface,  at  its  terminal  hali.  liesides: 
the  *  clasperu '  of  the  Plagiostomes,  there  are  other  access4)r) 
organs  of  generation,  viz.  the  suhcaudal  marsupial  tegumcntarv 
folds  in  the  male  of  some  species  of  St/n<//iut/tus,  fig.  427,  o,*  auJ 
the  subabdominal  marsupial  pouch  in  the  male  ni|>])ocanips.- 

§  108.  31alr  Ort/a/ts  of  Imi( ntvhidns.- — -These  consist  oi  ie-tr-. their 
ducts  and  appendages,  tlie  seminal  reservoir,  and  the  coiiuiidu  ex- 
cretory canal  and  tenninal  papilla:  there  is  no  introndttent  orgnn. 

The  testes,  though  in  i»oine  Batrachia  subdivided,  rcsenil)le  m 
their  relative  size  and  compactness  of  form  and  tissue  those  of  the 
Plagiostome??.  Tn  the  Proteus  o/tf/u/nus  the  testis  is  long,  cyhn- 
drical,  with  obtuse  ends,  sUgliily  fissured  lengthwise  bj  the 
insertion  of  the  suspensory  ligament:  they  sometimes  show  in- 
ecpudity  of  size,  and  the  right  is  nsually  about  three  vertebrae 
in  advance  of  the  loft.  In  Amphiuma  the  testis  is  subcylin- 
drical,  and  tapers  at  both  extremities :  adipose  appendages  project 
from  their  free  or  ventral  surface.  In  the  Axolotl  the  '  mesor- 
chium,'  or  suspensory  duplicature  of  peritoneumj  is  broader,  and 
permits  the  vessels  and  ducts  to  be  readily  seen  as  they  traverse 
it  transversely.  The  adipose  apjKjndages  are  branched  In  the 
Menopome  the  testes  arc  rather  broader  than  in  the  Amphiume. 
approaching  the  oval  shape.  This  is  likewise  the  case  with 
one  or  both  testes  of  the  great  Japan  Newt  (SieMdh'a  or 
Cryptohranchns\  which  are  suspended  by  a  broad  mesorchiura 
on  each  side  of  the  aorta  and  narrow  remnants  of  the  Wolffian 
bodies,  between  the  ends  of  the  lungs  and  the  beginnings  of  the 
kidneys. 

*  XX.  voL  ?.  p.  67,  pfcpt.  no0»  SS26-SSSa      *     p.  68,  prape.  noi.  SasO  and  Stai. 


Digitized  by  Googlc 


MALE  ORGANS  OF  BATRACHIANS. 


577 


385 


In  most  Newts  the  testis*  is  divided  into  two  lobes,  fig.  387,  a, 
one,  usually  the  larger,  in  advance  of  Uie  other:  I  have  observed 
three  detached  l()l)es  or  testes  on  each  side.  In  the  Salamander 
there  may  be  one  or  two  smaller  lobes  or  accessory  testes,  besides 
the  two  chief  divLsions  ot  the  gland.' 

In  tailless  Batrachians  the  testes,  in  accordance  with  the  shape 
of  the  body,  present  a  full  oval  form,  compact  and  undivided :  they 
are  Bituated,  as  shown  in  the  Frog,  fig.  385,/,/,  on  the  ventral 
side  of  the  anterior  half  of  the  kidneys,  g,  having  an  entire 
investment  of  peritoneum,  often  deeply  or  brightly  coloured  by 
pigmental  ceUs,  which  forms  a  broad  and  short  mesorchinm, 
suspending  them  to  the  renal  glands  and  supporting  the  blood- 
vessels and  efferent  ducts.  Processes  of  peritoneum,  filled  with 
fat,  ib.  /,  /,  diverge  from  the  fore  part  of  both  bodies. 

In  all  Batrachians  the  testis  consists  of  seminiferous  caeca,  more 
elongated  than  the  sperm-ioUiclcs  of  Fishes,  shorter  and  straighter 
than  in  higher  iieptiles,  having  their  bUud  ends  next  the  capsule. 
This  consists  of  a  fibrous  or  '  al- 
bugineoos'  tunic,    beneath  the 
serous  one :  both  have  been  re- 
moved to  show  the  tubuli  testis 
in  Swammerdam's  accurate  figure* 
fig.  386.    The  semen  is  conveyed 
by  short  transverse  efferent  ducts, 
A,  to  a  common  lon^tudinol  canal, 
t.    In  the  Menopome  about  ten 
va^a   eiferentia   quit  the  elong- 
ated testes  and  enter  the  common 
canal,  which  extends  along  the  an- 
terior three-fourths  of  the  kidney, 
and  at  its  fore-end  is  connected 
with  the  ligamentous  remnant  of 
the  duct  of  the  Wolffian  body :  it 
is  thence  reflected  back  along  the 
outer  border  of  the  kidney,  receiv- 
ing in  its  course  toward  tiie  cloaca 
tbe   ureters,   which   are  short 
transverse  or  oblique  tubes,  from  ten  to  twenty  in  nuuiber:  the 
urino-seniiual  canal,  supported  by  a  narrow  fold  of  j)eritoneum, 
forms  a  few  slight  bends,  and  gradually  expands  as  it  approaches  its 
termination  at  tlie  back  part  of  the  cloaca.    In  Sieholdia  maxima 
the  longitudinal  canal  which  receives  the  short  efierent  ducts  is 

'  XX.  vol.  IT.  p.  5S. 
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continued  forvrard  to  the  Wolffian  ligament,  far  in  advance  of 
the  testes,  contracting  to  a  point :  in  ita  backward  course,  between 

the  testis  and  remnant  of  the  Wolffian 
gland,  it  receiyes  a  few  short  transTerse 
ducts  there&om,  which  come  from  ^mall 
masses  of  convoluted  tubes,  still  pervious 
to  mercurial  injection  in  the  male  dissected 
by  Dr.  J.  Van  der  Hoeven :  continuing  its 
descent,  the  longitudinal  duct  giadualljr 
expands,  describing  convolntions,  and  re- 
ceiving in  its  course  along  the  outer  side 
of  the  Iddn^  the  excretory  ducts,  two  or 
three  in  number,  of  those  glands.  Elaoh 
urino-aeminal  canal  expands  into  a  simple 
oblong  reservoir,  with  Ihickened  glandular  coats,  at  the  ter- 
mination of  the  rectum,  and  communicates  with  the  cloaca 
by  a  papillifonn  orifice,  a  little  in  advance  of  the  blind  end  of 

the  reservoir.  The  slender  elongated 
remnants  of  the  Wolffian  glands  are  direct 
continuations  from  the  fore  part  of  the 
kidneys. 

In  the  Ifewt  {Triton  taniaius)  from  fotir 
to  five  efierent  tubes,  fig.  387,  c,  r,  quit 
each  of  the  two  chief  divinons  of  llie  testts, 
ib.  a,  and  terminate  in  the  common  longi- 
tudinal canal,  ib.  which  extends  forward 
to  the  Wolffian  ligament,  and  backward  to 
the  anterior  end  of  the  kidney,  ib.  ^ :  in  this 
course  it  sends  oft'  about  ten  short  trans- 
verse l)raiH'lie>;,  which,  alter  dilatinnr  ami 
convoluting,  ib.  /,  severally  terminate  in 
the  beginning  and  fore  part  of  the  iirino- 
seminal  canal,  ib.  f.  The  small  dilatation 
and  larfjer  mass  of  convolutions  on  each  of 
the  transverse  brancbes  of  the  lon«^itudinal 
duct  are  retentions  of  modified  parts  of  tlie 
Wolffian  or  primordial  urogenital  inland.  The 
urino-seminal  duct,  f,  forms  many  close 
coib„  like  an  epididymis,  as  it  ajiproaches 
the  kidney:  it  receives  directly  one  or  two  urinifonnis  tubes,  ib.  /, 
and  communicates,  near  its  termination,  with  the  orifices  of  a 
series  of  modified  ureters,  ib.  y,  which  receive  the  rest  of 
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the  urine  as  well  as  the  scmcu.  Each  uriiiitcrous  duct  dilates 
into  a  long  reservoir,  describing  a  curve  external  to  the  kidney, 
the  first  or  anterior  being  the  longest,  the  rest  successively  shorter  : 
they  are  connected  together,  eight  to  ten  in  nundicr,  so  as  to 
form,  in  appearance,  a  flattened  semi-oval  '  vcsicula  seminalis,'  and 
terminate  by  a  short  wide  canal,  ib.  m,  common  to  them  and  the 
vas  deferens,  in  the  back  part  of  the  cloaca. 

In  the  Frog  about  six  transverse  cflPerent  ducts,  fig.  385,  /i, 
enter  the  longitudinal  one,  7,  extending  along  the  inner  (mesial) 
side  of  the  kidney,  which  is  reflected  round  the  fore  end  of  that 
gland  to  form  the  beginning  of  the  urino-seniinal  canal,  ib.  2, 
wdiich  courses  along  the  outer  (hiteral)  side  of  the  kidney.  This 
canal  does  not  describe  convolutions:  it  enlarges  as  it  progressively 
receives  the  ureters,  and  suddenly  expands  beyond  the  kidney 
into  a  semi-oval '  vesicnla  seminalis,'  ib.  A,  the  outer  half  of  which 
has  folliculo-glandular  walls,  the  inner  half  being  smooth  and 
with  the  character  of  a  reservoir.  A  short  duct  conveys  the 
contents  of  the  vesicle  to  the  back  of  the  cloaca,  ib.  b ;  at  the 
fore  part  is  the  orifice,  c,  of  the  allantoid  bladder,  e. 

No  Batrachian  has  the  intromittent  organ,  or  a  vas  deferens 
distinct  from  an  ureter:  a  stage  in  the  substitution  of  kidneys 
for  Wolffian  bodies  is  hereby  obviously  indicated. 

§  109.  Male  Organs  of  Reptiles, — In  the  scaled  Beptiles  the 
conduits  from  the  kidney  and  the 
testes  are  distinct  to  the  <dosca,  and 
terminate  there  on  separate  papilke. 
The  testes,  fig.  389, 6,  are  companiP 
tirely  smsJl  and  compact:  diey  are 
always  abdominal,  with  a  complete 
inTCStment  of  peritoneum,  fre- 
quently cdoured  by  pigment-celK 
They  have  a  strong  albugineal 
tonic,  and  consist  of  blind  semini- 
feioDS  tubes,  fig.  388,  much  longer 
and  more  dender  than  in  Batra- 
chians,  and  packed  up  in  dose 
convolute  folds,  in  ill-defined  loculi 
of  the  gland.   Frtnn  fbese  tubes  a 

▼ariable  number  of  effisrent  canals 
proceed,  which  are  inclosed  in  a  prolongation  of  the  tunics  of  the 

testis  for  a  brief  course,  and  then  unite  into  a  vas  deferens. 
In  the  OpUdia  Oie  testes,  fig.  357,  A,  A,  are  of  a  more  ekmgate 
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form  than  in  other  Beptile».  In  the  common  harmless  Snake 
(  Coluber  nairix)  they  are  oblong,  suboompreseed,  in  advanoe  of  the 
kidneys,  the  right  about  an  inch  more  forward  than  the  left, 
corresponding  to  the  difference  in  the  relatiye  position  of  the 
kidneys.  In  the  Rattlesnake  the  testes  are  more  symmetricil 
in  position.  The  vas  deferens,  disposed  in  short  undnlatioiis, 
goe8  along  the  kidney  to  the  doaca,  the  papillse  terminating  near 
the  beginning  of  tlie  urethral  groove.  The  intromittent  organa 
are  two  in  number,  and  consist  of  invcrtible  slieaths,  or  long 
narrow  bags,  with  a  highly  vascular  j>apillose  lining  membrane, 
bifurcate  at  their  blind  end,  to  which  are  attached  the  muscles, 
fig.  357,  /,  for  inverting  and  km  pinir  tliem  retracted  and  hidden 
in  the  base  of  the  tail.  By  tumefaction  of  the  vascular  portions 
of  the  bags,  and  tlie  action  of  the  '  constrictor  basis  caudse'  and 
'sphincter  cloacae,'  they  are  everted.  In  the  Rattlesnake  the 
blind  end  of  each  inverted  pouch  bifurcates,  and  the  yascular 
membrane  is  thickened  and  produced  into  many  processes  near 
the  bifnroation :  when  eversion  with  erectile  tumefaction  of  the 
parts  takes  place,  each  penis  presents  a  papillose  and  bifuicsfte 
gkns,  as  in  fig.  357,  k.  In  Elapkis  quadrilmeaius  the  body  of 
tiie  penis  presents  large  retroverted  papillae,  and  the  gUuis  is 
beset  with  small  flattened  wrinkled  processes. 

In  the  Slow-worm  {Anguis)  the  testes  are  situated  a  litde 
anterior  to  the  dilated  rectum,  the  right  in  advance  of  the  left; 
the  bpenn-iluct  simulates  a  long  epididymis  by  its  initial  convolu- 
tions or  trans ver£»e  folds.  The  intromittent  organs  are  invertible 
and  evertible  pouches,  fis  in  Serpents,  but  are  Sorter. 

In  a  Scinc-li'/ard  {  TUiqua)  the  right  testis  is  more  advanced 
in  position  than  the  left.  The  body  of  the  j)enial  pouch,  when 
everted,  shows  transverse  rugas,  and  the  sub-bifurcate  glans  short 
retroverted  papillae.  In  Lacerta  ocelkUa,  as  in  Draco  volans, 
fig,  389,  the  testes,  b,  show  a  similar  degree  of  unsymmetiicil 
position.  The  sperm-ducts  form,  by  a  series  of  short  transverse 
folds,  a  long  body  or  band,  like  an  epididymis:  but  there  is  no 
structure  properly  so  called  consisting  of  the  conyolutioiis  of 
several  efferent  tubes  prior  to  their  union  to  form  the  tss 
deferens,  ib«  c.  In  the  interspace  of  the  orifices  of  the  ureters 
a  ridge  is  continued  backward,  on  each  side  of  which  is  the  orifice 
of  the  Tas  deferens,  whence  is  continued  the  urethral  groove 
extending  along  the  penial  sheath  to  the  papillose  blind  end  or 
glans. 

The  peritoneal  covering  of  the  testes  shows  in  some  Lizards 
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stellate  pigment-cells :  in  the  Chameleon  they  give  a  black  colour 


to  til 0  gland. 

The  short  and  outwardly  extended  legs  of  Lizards  serve  for 
progression,  not  for  support,  and  the  animal  rests  with  its  belly 
on  the  ground,  as  in  Serpents : 
hence  iJ^e  necessity  not  only  for       ,  S89 
the  internal  position  of  the  testes, 
but  for  the  mechanism  by  which 
the  intromittent  orgaus  can  be 
inverted,  and  safely  lodged  out 
of  sight,  in  the  base  of  the  tail, 
when  not  in  use. 

In  the  Turtle  (^Chelone  mi- 
das)  each  testis  is  an  elongate, 
cylindrical,  slightly  bent  body, 
decreasing  in  size  at  the  end  next 
the  cloaca:  the  efferent  tubes 
leave  it  near  the  fore  or  upper 
part  of  its  concavily,  and  soon 
join  the  vas  deferens,  which 
forms  a  large  and  compact  body 
by  nummus  conT<dutions,  situ- 
ated between  the  testis  and 
kidney.  Each  vas  deferens  ter- 
minates, with  the  ureter,  in  a 
papilla,  the  spermatic  orifice 
being  nearer  the  bladder.  The  penis  is  short,  and  is  indicated, 
in  the  unexcited  state,  chiefly  by  the  urethral  groove ;  only  the 
glans  and  the  pointed  end  of  the  fibrocartilaginous  body  imme- 
diately above  it  project  from  the  cloacal  surface,  and  these  are 
partly  enclosed  by  a  thick  duplicature  of  the  cloacal  membrane, 
representing  a  preputium :  in  the  erection  of  the  oigan  this  fold 
is  everted  and  obliterated. 

In  the  Emy9  euraptea  the  testes,  fig.  390,  y,  and  convdnted 
sperm-duct,  ib.  c,  are  separated  from  the  kidneys,  ib.  o,  by  the 
peritoneum,  whidi,  after  giving  an  entire  investment  to  the  testes, 
is  simply  reflected  over  the  contiguous  surface  of  the  kidney: 
an  artery,  /,  s,  runs  between  the  two  glands.  The  testis  presents 
a  full  elliptic  figure  :  its  peritoneal  covering  is  usually  stained 
with  a  dark  ]»igtnent :  2-  is  the  spermatic  artery,  z  the  spermatic 
vein.  The  sperm-duct  opens,  close  to  the  ureter,  upon  a  papilla, 
fig.  391,  F,  at  the  commencement  of  the  urethral  groove,  ib.  G. 
The  penis,  in  both  freshwater  and  land  Cheionia,  is  longer  and 
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larger  than  in  the  marine  species :  it  is  subcylindrical,  with  an 
expanded  terminal  glaus^  ib.     usually  ending  in  a  ])oint.  The 

urethral  groove,  ib.  G, 
extends  along  the  mid- 
dle of  the  dorsal  Burfiuse, 
and  beoomcfl  deeper  as 
it  i^proaches  the  gkns: 
in  erection  the  tumefiM^- 
tion  of  its  borders  con- 
verts the  groove  into  a 
temporary  canal,  and  it 
^  then  appears  to  end  by 
an  orifice,  k,  which  is 
usually  divided  bv  a 
pajiillary  eminence.  The 
penis  consists  of  two  *  corpora  cavernosa,'  ib.  ii,  which  are  firm 
fibrous  bodies,  cohering  mcsially  and  attached  to  the  ventral  suriace 

of  the  cloaca;  and  of  two  median 
tracts,  fig.  392, 4,  of  a  more  vas- 
cular erectile  tissue, forming  the 
walbofthemediangroove,5,and 
covered  hj  a  soft  ^uiut-mucoas 
membrane.  Each  vascular  tract 
commences  by  an  enlargement, 
fig.  390,  E,  analogous  to  the  bul" 
bus  urethra.  The  erectile  tissue 
5s  continued  forwanl,  thinly  at 
first,  but  aflcrwanis  incrt'asinix 
in  thickness,  to  the  glans,  fiL^-. 
391 ,  I,  and  392,  which  it  cliietiy 
constitutes.  On  each  side  of 
the  mid-line  of  the  penis  is  a 
canal,  fig*  392,  which  at  one 
end  communicates  with  the 
cavity  of  the  peritoneum,  and 
by  the  other  end  is  prolonged 
into  the  substance  of  the  glans, 
where  it  terminates,  blin^y  or 
by  a  kind  of  reticulate  sinus.' 
The  penis  is  provided  with 
two  retractors,  fig.  391,  55, 
lyni.of  XXXV. „.  %.  392,  55',  arising  from  tlie 

'  XX.  voL  iv.  p.  62,  prep.  no.  2450. 
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ischium,  and  extended  along  the  under  (ventral)  surface  of  the 
penis  to  tlie  glans.    This  muscle  foldn  up  the  penis  in  retracting  it 
within  the  cloaca,  and  at  the  same  time  closes  thereby  the  orifice 
of  the  rectum,  fig.  390,  A,  and  that  of  the 
allantoic  bladder^  ib.  m.    Erection  is  fol- 
lowed by  eversion  of  the  cloaca,  effected 
hy  its  *  sphincter.'  The  deyelopement  of 
the  penis  bean  relation  to  the  physical 
impediments  to  coitmi,  caosed  by  diape, 
extent,  and  completeness  of  the  shell,  and 
by  the  medium  in  which  the  act  takes 
place :  thus  the  penis  is  least  dcTcloped 
in  the  marine  species,  with  a  flattened 
carapace  and  incomplete  plastron.  The 
glans  penis  is  trilobate  in  Trioni/x. 

In  the  Crocodile  the  testes  are  longer 
than  in  Chrhmiff^  and  rather  more  in 
advjincc  of  the  kidneys.  The  penis  is  single,  with  a  dorsal  groove, 
continued  forward  on  a  slender  conical  process. 
It  consists  of  a  firm  fibious  cavernous  structure, 
commencing  by  two  crura,  and  becoming  softer 
towards  the  glans,  which  consist  of  vascular  and 
erectile  tissue :  this  is  prolonged  beyond  the  apex 
of  the  corpus  cayemosum,  so  that  two  points  are 
thus  seen,  one  abore  the  other:  these  points  are 
united  together  on  each  side,  and  also  in  tiie  middle, 
by  a  yertical  septum,  which  diyides  the  interspace 
between  them  into  two  cnls-de-sac.  The  urethral 
groove  is  continued  as  lar  as  the  extremity  of  the 
upper  jK)int.  The  peritoneal  canals  do  not  pene- 
trate the  cavernous  structure,  but  lead  to  and  o|)en 
outwardly  on  papilla),  situated  on  each  side  the 
base  of  the  penis,  within  the  cloaca. 

As  Lizards  are  allied  to  Serpents  by  the 
double  extra-cloacal  penis,  so  Tortoises  are  allied 
to  Crocodiles  by  the  single  intnMsloacal  penis: 
the  structure  of  this  organ  also  presents  two 
types,  respectively  characterising  the  scaled  and 
scuted  groups  of  Beptilia. 

§  110.  Femah  Organt  of  JteptUe$.— In  the  Axolotl,  fig. 
393,  and  Siren  laeerHna,  the  cranes,  ib./,  are  granular  elongated 
bodies,  situated  on  each  side  of  the  root  of  the  mesentery.  They 
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coDBut  of  delicate  folds  of  membrane,  inclosing  stroma  stadded 
with  OTisaca,  of  two  grades  of  size,  the  larger  with  ova  for  the 

present  season,  the  smaller  for  the  following  one.  In  a  Siren 
with  enlarged  ovaries  I  observed  tliem  bearing  impre^.^ions  of 
the  intestinal  couvulutioas.  The  oviducts,  ib.  /,  are  external  to 
the  ovaria,  and  are  attached  to  the  sides  of  the  spine,  each  by  a 
broad  duplif-atiire  of  pcritoix  uin.  They  commence  anteriorlv  by  a 
simple  slit-like  aperture,  with  entire  borders,  //,  are  attenuated  at 
their  commencement,  and  soon  l)egin  to  be  disposed  in  short  parallel 
transverse  folds,  in  the  Axoiotl  about  twelve,  in  the  Siren  twenty, 
in  number,  which  gradually  diminish  near  the  cloaca,  where  the 
oviducts  open  behind  the  rectum  upon  small  prominences.  Above 
the  kidneys,  ff,  a  linear  tract,  k,  indicates  the  remnant  of  the 
Wolffian  body. 

The  foregoing  type  of  female  organs  is  closely  followed  in 
all  the  perennibranchiate  Batraehia.  In  the  Newt  the  ovaries, 
as  they  expand,  assume  a  lobulated  exterior  and  greater  relative 

breadth,  especially  at  their  hinder  end,  than  in  the  Axolotl. 
Each  oviduct  begins  by  a  simple  8lit-i3lia})cd  aperture,  between 
the  pericardium  and  liver,  and  passes  backward  in  a  wavy  course, 
which  becomes  irregular  as  it  approaches  the  kidneys :  here  the 
oviducts  diverrre  from  each  other,  then  approximate  at  the  auHiial 
line,  and  again  diverge,  describing  a  regular  curve  outward,  and 
again  converge  to  their  cloacal  terminations. 

In  the  Salamander  ( Salamandra  maculosa)  the  oviduct  is  more 
definitely  divided  into  an  oviducal,  or  '  fallopian/  and  a  uterine 
part:  the  former,  fig.  394,  a,  is  slender,  and  before  impregnatioii 
is  convoluted  to  within  a  short  distance  of  the  doaca,  where  it 
suddenly  expands  into  the  uterine  part,  bx  this  part  curves  for- 
ward and  outward  before  terminating  in  the  cloaca  at  c.  The 
young  are  developed  in  this  expanded  part  of  the  oviduct^  which 
is  much  enlarged  afiber  impregnation,  as  in  the  figure. 

In  the  tailless  Batraehia  the  ovary,  in  its  quiescent  state,  lig. 
395,  o,  has  the  lurui  of  an  irregularly  plicated  membranous  sac, 
with  thin  and  transparent  parietes.  The  initial  aperture  of  the 
oviduct,  ib.  «,  is  situated  close  to  the  base  of  the  heart :  the  tube 
is  disposed  in  many,  usually  transverse,  folds  or  coils,  before  its 
'  termination  in  the  dilatable  terminal  part,  in  which  the  ova  to  be 
impregnated  and  discharged  in  the  same  season  are  accumulated, 
as  in  fig.  395,  b.  In  the  cloaca  the  following  outlets  are  seen  :  — 
in  front,  that  of  the  allantoic  bladder,  behind  it  that  of  the 
rectum,  then  the  oviducal  outletSi  iK  c,  and  lastly  those  of  the 
ureters. 
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In  scaled  Reptiles  there  is  a  clitoris  or  some  representative 
trace  of  the  intromittent  orj^an  of  the  other  sex. 

In  Ophidia  the  ovaries,  like  the  testes,  are  long,  slender,  and 
disposed  one,  usually  the  right,  in  advance  of  the  other,  and 
the  ovisacs  are  developed  for  impregnation,  in  a  single  longitudinal 
series  in  most  species.  The  ovaries  are  connected  with  the  begin- 
ning of  the  oviducta  by  a  broad  fold  of  peritoneum.  Each  oviduct 
commences  by  an  expanded  ostium,  with  a  wide  fissure,  fig.  396, 
a ;  its  tunics,  at  first  delicate  and  transparent,  increase  in  thickness 
as  the  tube  contracts  :  here  its  course  is  slightly  wavy,  but  it  soon 
becomes  straight,  and,  in  the  viviparous  Serpents,  expanded,  ib.  h : 


394  395 


OvIdactB  and  uteri,  Salamtuidor.  Ovlducta  and  ut«rl,  Fms. 


in  the  Rattlesnake  the  lining  membrane  of  the  oviduct,  prior  to 
the  expansion,  is  disposed  in  minute  parallel  longitudinal  rugai. 
The  correspondence  of  the  ostia  of  the  oviducts,  a,  with  the 
ovaries  in  position  renders  the  left  shorter  than  the  right,  and 
in  viviparous  Serpents  it  usually  contains  fewer  ova  or  young,  as 
in  fig.  396,  The  cloacal  terminations  of  the  oviducts  are  in  a 
semilunar  fissure,  behind  the  orifice  of  the  rectum. 

In  the  Lacertians  the  ovaria  usually  manifest  a  slight  want  of 
symmetry  in  position,  the  right  being  a  little  more  advanced  than 
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the  left  In  the  Lacerta  MUneaia  each  ovaiy  shows  abont  a 
dozen  viuble  OYisaos :  the  oyiducts  are  plicated  throughout  Iheir 
course.  In  Agama  atra  there  are  seven  or  eight  equally  developed 
ovisacs  in  each  ovary.    In  an  Iguana  the  left  ovary  exceeded  the 


396 


riirht  in  size,  and  the  irama- 
ovisacs   appeared  as 


ture 


flattened  discs  overlapping; 
each  other.  The  duplica- 
ture  of  peritoneum  which 
connects  the  oviduct  to  the 
side  of  the  vertebras  is  con- 
tinued beyond  the  canal, 
andterminatesinairee  edge. 
In  the  ovoYiyiparooB  Lizard 
{Laeeria  \Zootoea\  muraUt) 
the  part  of  the  oyiduct  in 
whicJi  embryonal  develope- 
ment  proceeds  is  very  ex- 
pansile, as  in  the  Viper ;  in 
the  specimen  figured,  fig. 
397,  the  right  oviduct  con- 
tained three  ova,  ib.  the 
left  two  ova:  the  ovaria  are 
shown  at  the  abdominal 
aperture  of  the  left  oviduct 
at  r,  the  fallopian  part  of 
the  tube  at  dy  the  uterine 
part  at  the  terminal  part 
at  fi  the  peritoneal  ^d, 
attaching  the  oviduct  to  die 
ovary  and  to  the  spine,  is 
marked  6,  the  rectum  ^, 
and  the  cloaca  h. 

In  Chrlonin  the  ovarie? 
are  svmnictricallv  disi^osed. 
and  placed  far  back  in  the 
abdomen.  The  female  or- 
gans of  the  Turtle  (  Cfielonr 
midas),  in  tlie  quiescent 
state,  Rhow  the  ovaries  in  the  form  of  a  broad^  flattened*  variously 
folded  substance,  thickly  studded  with  innumerable  ovisacs,  like 
white  8i)ecks :  each  ovary  is  attached  by  a  peritoneal  fcdd,  *  meso- 
anum;  to  the  sides  of  vertebra,  between  the  rectum  and  the 
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oviduotfl.  The  ovidact  oonunences  by  a  sunple  elongated  slit^ 
opening  upon  the  free  margin  of  the 
meeoary;  ihe  duct  soon  oontracts  to 
ahnost  capiUarjr  tenuity,  and  gradually 
expands  as  it  approaches  the  cloaca, 
contracting  again  before  its  termi- 
nation. 

In  the  Snapper  (  Chelj/dra)  the  ovi- 
duct is  disposed  in  short  transverse 
folds,  between  the  lavers  of  a  broad 
duplicature  of  peritoneum,  gradually 
diminishing  in  width,  and  increasing  in 
the  thickness  of  its  parietes  as  it  ap- 
proaches the  cloaca.  The  inner  sur- 
face of  the  initial  part  of  the  duct 
presents  a  series  of  oblique  folds,  which  gradually  become  more 
produced  and  more  longitudinaL  The  oviducts  terminate  between 
two  diverging  folds  of  the 


lining  membrane  of  the 
cloaca,  which  folds  gradu- 
ally subside  as  they  con- 
verge to  meet  and  termi- 
nate in  the  sinus  of  the 
*  glans  clitoridis.'  In  the 
European  Freshwater  Ttn*- 
toise  the  inner  surface  of 
the  initial,  narrow,  and  thin- 
walled  part  of  the  oviduct, 
a",  Pf  fig.  398,  is  disposed 
in  fine  longitudinal  folds, 
and  is  lined  by  dliate  epi- 
thelium :  beyond  these,  for 
a  short  space,  ib.  o,  the  walls 
of  the  oviduct  are  glandu- 
lar :  in  the  expanded  part 
(containing  an  egg  in  the 
example  figured)  the  ruga; 
of  the  lining  membrane  are 
feeble  and  sinuous.  Ex- 
ternal to  the  mucous  mem- 


Kfoup  there  is  a  stratum  of    Oe»eealol  Uic  egg  in  tbc  oviduct  of  BiDjrt.  OneoTldurt, 
1      /«!         11  tltedoMA  and  parte  opentngtlwrelii.  xscnn. 

muscular  fibres,  by  the  con- 
tractions of  which  the  ovum  is  propelled  along  the  oviduct: 
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at  the  tenninatioii^  p,  where  the  eggHshell  is  secreted* 
membrane  is  vascular^  and  thrown  into  broad  irregular  nigse, 
which  are  continued  as  far  as  its  termination,  n,  in  the  cloaci. 

The  ureter,  E,  opens  behind  the  oviduct,  a :  the  allantoic  bladder, 
B,  and  rectum,  m,  in  front. 

In  Crocodiliu  the  ovaria  are  more  advanced  in  position,  and  more 
coni|>uct  in  form  and  stnic-tnre,  prescutiug,  in  the  nnexrited  state, 
a  .surface  granulated  by  nnnule  ovisacs.  The  alHlominal  orifice  of 
the  oviduct  has  an  entire  margin ;  the  duct  maintains  a  more 
uniform  diameter^  and  sooner  gets  upon  the  edge  of  the  supportiiig 
fold  of  peritoneum  than  in  Chelonia.  The  lining  membnae  of 
the  hind  part  of  the  oviduct  is  puckered  up  into  dose-set  undu- 
lating transverse  rug» :  but  these  subside  gradually  toward  the 
terminal  shell-forming  segment^  where  the  membrane  shows  minute 
longitudinal  puckerings.  The  outlet  projects  into  the  cloaok 
The  clitoris  arises  by  two  cmray  and  is  impressed  by  a  longitudinsl 
groove. 

Of  parts  in  female  Reptiles  accessory  to  generation,  the  most 
remarkable  are  the  temporary  tegumentary  pouches  on  the  hatck 
of  the  female  Pij  a,  fig.  367,  «,  c,  which,  receiving  the  imprecrnated 
ova,  retain  the  )  uu iicr  until  the  metamorphosis  is  coni|>leto.  In 
JSototrema  and  Opisthodelphys  there  is  a  laro"e  sinMe  pouch  in 
the  middle  of  the  back,  with  the  entrance^  aljove  the  vent.  It 
serves  for  the  reception  of  the  ova,  which  are  hatched  therein. 
This  pouch  is  peculiar  to  the  female,  which  attains  nearly  to  \i» 
full  size  before  the  pouch  is  developed.  After  the  reception  of 
the  ova,  it  extends  nearly  over  the  whole  back  of  the  animal, 
whilst  it  is  shrunk  and  scarcely  visible  when  the  season  of  pro- 
pagation has  passed. 


CHAPTER  XII. 


GElTBBATiyB  FRODUCTB  AND  DEYELOFElfENT  OF 

H^MATOCBTA. 

TuE  functions  of  the  above-described  Generative  Organs  are 
'  semination/  *  OYulation/  ^  fecundation/  and  '  exclusion,*  to  which 
is  added,  in  some  HiBmatocryay  that  of  *  fcetation.'  Semination, 
or  the  piodaction  of  spemmsells,  is  peculiar  to  the  testis :  oTula- 
tion,  or  the  production  of  genn-cells  and  yiteUus,  is  peculiar  to 
the  ovary:  fecundation  is  the  combined  act  of  the  male  and 
female.  A  part  of  the  oviduct  is  usually  modified  to  add 
accessory  parts  to  the  ovum,  or  in  subserviency  to  foetation  in  the 
viviparous  HtBmatocrya :  but,  in  a  few  iiibUuces,  the  protective 
and  portative  functions  are  relegated  to  tegumenrary  wombs  or 
marsupia,  whichmay  be  developed  in  either  sex.  Exclusion  of  the 
male  irenemtive  product  is  called  '  emission,'  that  of  the  female 
generative  product  *  ovi position :  *  but  if  the  ovum  be  arrested  for 
the  process  of  foBtatioUj  the  exclusion  of  the  foetus  is  then  termed 
'  birth.'    Sometimes  the  male  assists  in  the  process  of  exclusion. 

§  111.  Semination  of  Hmnatocrya* — The  product  of  the  testis 
in  Fishes  consists  of ' sperm-cells,*  'spermatoa,*  and  ^spermatozoa/ 
with  very  scanty  fluid  medium  of  suspension:  the  iunctton  is 
seasonal,  and  attended  by 
rapid  increase  of  the  glands.  399 
This  is  greatest  in  Osseous   ^ 


spermatoon  gives  issue  to  the  extremely  fine  capillary  appendage, 
or  •  tail/  the  movements  of  whichextricate  the  nuclear  mass  forming 
the  so-called  '  body '  of  the  spermatozoon.   In  most  Osseous 
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Fishes  the  spermatozoa  resemble  those  of  the  Perch,  fig.  400:  but 
in  some»  e.g.  the  Loach,  there  is  a  small  swelling  at  the  inseiiieo 
of  the  appendage,  as  in  fig.  401.  In  a  few  the  *  body  *  I?  searoely 
indicated,  e.  g.  in  the  river  Lamprey,  fig.  402 :  in  the  Fetramyzem 
marintu  the  body  expands  into  an  egg-shape. 

400  401  40S 


BpaniMiogMot/^treft  Spemutoiaiof  ObMM  Spennstoaoon  of  IVtnMaifMM 

/tevtaMN*.  oorri.  fiuttU.  ooon.  jlmHatnu.  ooori. 

The  spermatr»7-oa  in  the  Plagioatomes  are  very  long,  with  an 
anterior  cylindrical  body.  This  is  proportionally  shortest  in 
Chimatra  momtrosa^  and  is  disposed  in  tliroo  spiral  coils :  in 
ScyUium  canicula  it  is  about  haii  the  length  of  the  spermatozoon, 

409  404  405 


18  straight,  and  tapers  at  both  ends:  in  Scymnm  niettmns,  ii^  i 

403,  it  is  spirally  disposed.    Tn  Spinax  acanthias,  the  Kays  an<i  | 
Torpedos,  fig.  404,  the  spiral  coils  are  rather  closer,  usnally  lour 
ill  nnniber:  in  Bnia  nxi/rhynchus  the  coils  are  more  numerous,  i 
but  only  affect  the  anterior  half  of  the  body. 

In  the  Plagiostomes  the  spcrmatoa  appear  as  one  or  more  nnclei 
within  the  sperm-cell,  like  those  in  fig.  399,  bx  but  they  are  not,  I 
as  in  Osseous  Fishes,  excluded  in  that  state.  ^    In  each  spermatoon 

*  wrrL  ToL  ir.  4S4, 
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a  spermatozoon  is  developed,  which  escapes  by  solution  of  the 
spermatml  wall  into  the  spenn-cell,  as  in  fi;^.  405.'  At  this  stage 
the  body  docs  not  sliuw  the  ppiral  dispuaition. 
If  the  sperni-eell  has  ct>ntained  numerous 
8[ii;rmatoa,  tho  resulting  spermatozoa  group 
themselves  into  a  bundle,  as  in  fig.  406  :  their 
bodies  are oontiguouB  and  acquire  the  spiral  form 
before  escaping  from  the  dilated  sperm-celL 

The  spermatozoa  are  developed  in  most 
Batraehia  as  they  are  in  the  Flagiostomi ;  a 
sperm-oell  may  contain  from  ten  to  twenty 
spermatoa,  in  each  of  which  the  spermatozoon 
18  developed,  as  in  fig.  407»  and  through  solu- 
tion of  the  spermatoal  memhrane  the  sperma- 
tozoa become  free  in  the  cavity  of  the  sperm- 
cell,  where  they  usually  aggregate  into  a  bundle, pressing  the  spenn- 
cell  into  a  pear-shape,  which  hurstii  at  itd  small  end,  and  liberates 
cither  the  filamentary  appendages,  as  in  the  Frog,  or  the  spiral 
bodies, a5  in  Pdohatts :  in  either  case  the  remains  of  the 
spenn-cell  continue  recognisable,  for  some  tiinc,ut  the 
non-Uberated  ends  of  the  spermatozoa,  as  iu  fig.  408, a* 

In  the  igneous  Toad  {Bombinator  ipneus)  the 
spermatozoa  lie  confusedly  within  the  sperm>cell: 
the  remains  of  the  spermatoon  bug  adhere,  like  a 
pectinate  appendage,  to  the  spermatozoon*  When 
fully  developed  and  liherated,  the  spermatozoa  show 
a  long  cylindrical  body,  attenuated  towards  the  head, 
which  is  again  slightly  enlarged,  and  more  gradually  shrinking 
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fiM-apiijff  from  llie  epenn- 
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Triton. 


into  the  filamentary  tail,  which  is  reflected  and  coiled  in  narrow 

■  •*Somc(iue8  the  entire  nacleiu  becomes  •  coil  of  flbre.**— ^arry,  ctu.  1842,  pis. 
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b[»irals  about  the  body,  fig.  409.  The  spermatozoa  ol  the 
Salamander  and  Newt  have  a  similar  form  and  dispositioii^  and  the 
ooib  of  the  reflected  tail  present  the  appearance  of  a  crenate 
fringe  or  ridge,  as  in  fig.  410.  The  fully -developed  spennatozoa 
of  PekhaUi  /u$euM  hxve  a  long  apirallj  disposed  body,  gnduallj 
attenuatiiig  into  the  filamentary  appendage^  fig.  411;  the  total 
length  is  abont  ^  of  a  line :  the  looser  anterior  end  has  a  constant 
vibratile  molion. 

In  the  Frog,  fig.  412,  the  body  of  the  spermatozoon  is  long, 
cjUndrioal  and  straiglit,  and  is  terminated  by  a  straight  capillary 
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414 


SpennatoxooD  of       Spennntosoa  of  Lacert^ 


and  their  oontained 
epermstosoai,  Ttf 


B|H.'rtnaior.oa  of  Pelobalct 

appendage.  In  the  Coluber  udtrix  the  body  of  the  spermatoztx^n 
is  jjoiuted  anteriorly  :  in  Lizards  it  is  shorter  and  more  oblii.'«c. 
fig.  413.  The  i  matoa  rarely  exceed  eight  in  number  in  the 
sperm-cell,  from  which  they  usually  escape  prior  to  the  full 
developement  and  extrication  of  the  spermatozoa.  The  same 
is  the  case  also  in  Testudo  graca:  but  here  the  8pem&-oell> 
fig.  414,  ay  remains  longer  than  in  Lizards  and  Snakes,  and 
spermatoa,  ib.  with  deyeloped  spermatozoa,  may  be  obeerved 
within  it 

$  112,  OnutaJtion  in  Oueaus  Fishes  and  Batraehians*  —  In 
Cyclostomous  and  Teleostomous  Fishes,  and  in  Batracfaians,  the 
ova  are  developed  almost  simultaneously  at  each  breeding  season: 
whilst  in  Chunieroid  and  Plagiostomous  Fishes,  as  in  scaled 

Reptiles,  the  ova  are  successively  developed,  or  come  to  perfection 
at  longer  or  shorter  intervals.  In  Osseous  Fishes,  however, 
besides  the  ova  of  the  present  season,  there  are  tlic  jrerras  of 
those  of  the  next,  often  studding  the  ovisacs  of  the  iMi  in,  r.  In 
the  ovary  of  the  Frog,  before  pairiDg-time,  three  sets  of  ova  are 
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distinguished:  those  about  to  be  discharcred  are  large  and  dark- 
coloured,  those  intended  for  tlie  noxt  seu-^on  are  also  of  uniform 
size,  but  smaller,  and  partially  coloured,  and  the  rest  are  much 
smaller,  colourless,  nnd  varyini^  in  minuteness.  In  PlaLciostomcs 
the  ova  are  fewer  in  number  than  in  the  *  rof  -fTsh.'  From  four 
to  fourteen  ova,  for  example,  may  be  developed  at  one  season  in 
the  Torpedo  {T,  marmoraio),^  whilst  in  the  Herring 
25,000  ova,  in  the  Lnmp-fish  155^000  ova,  in  the 
Holibut,  3^00,000  ovAf  have  been  estimated  to  fill 
the  enlarged  oyarian  sacs.  In  a  Lump-fish,  the 
total  weight  of  which  was  9  lbs.  8  ounces,  or  66,500 
grains,  the  ovaries  weighed  3  lbs.  3  ounces,  or  22,300 
grains :  thus  they  were  to  Hie  body  as  I  to  3.  Each  o^u^  fiS.! 
ovum  weighed  one-sevenih  of  a  grain.'  »^ 

In  all  Fishes  the  ova  are  formed  in  chambers  of  the  ovarv, 
called  *  ovisacs.'*  In  Osseous  Fishes  the  ovisac  consists  of  a 
delicate  membranous  hollow  sphere,  fic^.  415,  Wned  hy 
epithelial  nucleate  cells,  and  surrounded  by  a  thin  layer  of  tlio 
proper  tissue,  or  *  stroma,'  h,  of  the  ovary ;  which,  as  it  ])rotrudes 
with  the  growth  of  the  ovum  into  the  ovarian  cavity,  carries 
before  it  a  covering  of  the  delicate  mucous  membrane  lining 
that  cavity.  This  tunic  is  not  present  in  Cyclostomes  and  Pla- 
giostomes.  The  first-formed  and  essential  part  of  the  ovum 
is  the  germ-cell,  or  'germinal  vesicle,'  c,  which,  in  Osseous 
Fishes,  shows  several  nuclei,  maculfe,  or  '  germ-spots,'  d,  but  in 
Plagiostomes  only  a  single  nucleus^  Around  the  genn-cell  there 
accumulates  a  collection  of  minute  yolk-corpuscles  and  albuminous 
granules,  e,  with  oil-like  globules,/,  and  in  some  species  (Carp) 
fiat  angular  corpuscles  are  added:  all  are  suspended  in  a  clear 
gelatinous  yolk-fluid,  and  are  ultimately  circumscribed  by  a  delicate 
yolk-iiiLiiii>riine,  devoid  of  visible  structure.  The  increase  of 
the  ova  is  due  chiefly  to  the  accumulation  of  the  yolk,  and  its 
colour  to  that  which  the  oil-ghjbnlcs  acquire  as  the  ova  approach 
maturity.  Finally  is  formed  the  external  tunic,  or  *■  cctosac^^  At 

>  cxxxit. 

*  cccviii.  p.  49.   l%e  periodical,  bnt  rapid  and  cnormons  increase  of  the  hard  and 

soft  rocs  in  osseous  fishes  admits  of  no  rigid  cincture?,  no  nnyi( Ming  bony  hoops 
aronnd  the  abdominal  carity,  such  ns  would  hare  restiUcd  from  a  conversion  of  the 
]>Iearnpophyse8,  by  their  junction  with  hnjmapophysca  and  a  stcrnunif  into 'true  ribs.' 
We  see,  therefore,  in  tlte  fecundity  of  fishes — in  this  compensation  for  thehr  limited 
intelligence  and  nnmeroni  foee-'the  physiological  condition  of  their  free  or  'floating' 
ribs.  '  XX.  iv.  1838,  p.  131. 

*  As'  the  homology  of  this  innic  is  not  clearly  dctcrminal>lc  citlior  with  the  vitelline 
iiiomljnuu;  of  the  oviini  of  the.  Rird,  or  with  the  rhorioii  of  th  it  of  t1)e  Mammiil,  it  ia 
inUicn'rd  hy  thealK>Vi;  term  in  the  dcscrijitiou  of  the  uvum  ol  tiic  O^cous  Vi>li. 

\uL.  I.  g  g 


Digitized  by  Google 


ANATOUT  OV  VEBTEBEATBS 


this  period  the  oya  in  Osaeous  Fishes  escape  into  the  cavity  of 
the  ovarium,  and  the  ectosac  then  receives  its  villi,  or  appendages 
for  adhesion,  in  the  Fishes  possessing  them*  Xhe  ovisac  Femaim 
hehind,  and  coalesces  with  the  stroma  of  the  ovigerous  layer,  ti> 

form,  according  to  Barry,  a  *  vesicle  analogous  to  the  Graaffiaii 
vesicle  of  Mammals;'*  but  the  evacuated  ovisacs  collapse  and 
sprt'dily  disappear,  after  the  discharge  of  the  ova,  in  the  shrunken 
ovarium  ui  Demiopteri  and  in  the  collapsed  ovarian  bag  of  Osseou  - 
Flslies :  tliey  are  li)nger  recogiiibabie  in  the  more  compact  and 
solid  ovaries  of  the  IMapiiostomcp. 

The  earlier  stages  of  the  developemeiit  of  the  ovum  within  the 
ovisac  are  illustrated  in  figs.  1  a-d  (pp.  1  and  2),  from  Ransom  & 
observations  on  the  Stickleback  (  Gasterosfeus  aeuleatus).  In  1  a 
the  ovisac,  c,  has  a  diameter  of  ^  J  -  inch :  the  germinal  vesiele,!/, 
appears  as  a  gelatinous  spheroid,  with  few  'maculie'  and  a  scarcely 
definite  wall :  a  slightly  turbid  fluid,  o,  fills  the  space  between 
the  vesicle  and  the  ovisac,  from  the  inner  surface  of  which  a  few 
delicate  epithelial  cells,  ^,  project  In  B,  with  a  diameter  of 
inch,  Uie  maculsB  have  increased  in  number,  and  the  germinal 
vesicle  in  size :  fine  yolk^granules  have  begim  to  aggregate  near 
the  periphery,  but  there  is  no  vitelline  membrane  :  on  the  exterior 
of  the  ovisac  are  tlie  uuel(;i  of  flattened  cells.  In  c,  \\'a\\  a 
diameter  of  yhIT  hieh,  the  maeuloc  have  become  more  numeroii«5 
and  distinct:  the  yolk-^ranules  more  almndant  and  opake :  tlu' 
yolk-mass  is  now  more  circumscribed, and  a  clear  epaeo  intervene  - 
between  it  and  the  ovisac.  In  D,  with  a  diameter  of  ij»ch, 
the  genninal  vesicle  has  more  maculse,  but  has  ceased  to  grow : 
the  yolk-granules  arc  much  increased  in  number,  and  a  clear 
peripheral  space  indicates  the  beginning  of  the  formation  of  the 
external  membrane,  ch. 

The  '  roe,'  or  ova,  of  Osseous  Fishes,  being  usually  shed  in  or 
on  the  sediment  of  shores,  are  subject  to  the  action  of  the  flow  of 
streams  or  break  of  waves  upon  tiieir  sandy  or  gravelly  bed,  and 
these  pellucid  and  seemingly  delicate  vesicular  spherules  are 
accordingly  proidded  with  a  very  elastic  and  resisting  outer  coat, 
constructed  on  a  principle  analogous  to  that  by  which  a  tooth 
sustains  and  exerts  its  pressnre.  This  coat  is  composed  of  a 
close-set  series  of  liollow  eolmmis,  set  ]>erpendic  ularly  to  \\\r  -ur- 
face,  fig.  416,  //  :  the  part  «>f  the  outer  surface  turned  into  \  iL  W.  at 
Cy  shows  the  pores,  or  '  lumina,'  of  the  tubules.  The  yolk,  with 
its  granules,  granular  and  nucleated  corpuscles,  and  rnl-L^1n!>iilts, 
now  shows  its  delicate  structureless  membrane,  which  is  partly 

>  cix  Ut  Beriea»  p.  814. 
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detached  from  the  cctosac,  as  it  becomes  after  impregnation. 
Against  the  ectosac,  are  closely  applied  the  flattened  epithelial 
cells,  dy  which  line  the  ovisac  and  probably  contribute  to  tho 
growth  or  thickening  of  the  external  membrane.  In  the  Perch 
the  ectosaccal  tubes  have  a 
slightly  spiral  course,  and 
the  peripheral  end  of  each 
is  set  in  a  small  hexagonal 
prism :  this  outer  stratum 
serves  to  connect  the  ex- 
cluded ova  in  groups.  The 
ova  of  the  Stickleback  have 
villi  developed  for  this  pur- 
pose from  one  part  of  the 
exterior,  figs.  417  and  421. 

The  structure  of  the  outer 
coat  of  the  ova  of  Fishes  re- 
lates not  only  to  the  accidents 
of  appulse,  but  to  the  act  of 
impregnation,  which  takes 
place   after   exclusion  and 
exposure.  Besides  the  pores, 
or  tubular  orifices,  of  the 
cctosac,  there  has  been  observed,  in  the  ova  of  Gasterosteus,^ 
Salmo,^  Blennius,^  Esox,  Trigla,^  a  foramen  homologous  with  the 
micropyle  of  the  invertebrate  ovum.   Dr.  Kansom,  its  discoverer, 
has  observed  the  passage  of  the  spennatozoa  through  this  foramen 
into  the  ovum.    Fig.  417,  A,  gives  a  magnified  view  of  a  portion 
of  the  surface  of  a  mature  ovarian  ovum  of  the  Stickleback, 
.showing  the  funnel-shaped  depression  leading  to  the  aperture  of 
the  micropyle,  with  a  few  of  the  flask-shaped  villi  of  the  outer 
membrane  :  b  represents  diagrammatically  a  section  of  the  ectosac 
and  funnel  of  the  micropyle :  c  is  a  portion  of  the  membrane 
at  the  apex  of  the  funnel,  with  the  aperture  of  the  micropyle 
pressed  flat,  of  the  Trout's  egg,  magnified  500  diameters :  d  is 
a  similar  portion, magnified  1,000  diameters,  showing  the  *  lumen' 
of  the  ectosaccal  tubules,  and  the  hexagonal  division  of  the  spaces 
between  them.* 

In  the  Datrachia  (Frog)  a  greater  proportion  of  the  ovarian  ova 
show  different  states  of  developement,  previous  to  sexual  pairing, 
than  in  Osseous  Fishes,  although  all  those  destined  for  impreg- 

'  CLXXvi.        '  cccviii.  and  cccix.  p.  (101).        •  cxxx.  pt.  ii.  p.  4. 
♦  cccx.  p.  376,  fig.  G.  *  cccvni.  p.  (lOl). 
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nation  at  the  same  season  are  piraultaneously  ripened.  Asfom 

as  tlie  «i;i'rni-eell  is  rccoLTiii^iil^'lt*^  it  is  contained  in  a  delicate  oviaaf, 
and  speedily  exlubiu  beveral  nuclei,  or  maculae,  fig.  418,  B,^;  it  is 


417  419 


Vlerotiyleof  ilMOTiimlnOateoaiFldi.  OOornL     Bttimditon  ontin  In  Uw  OTitf ,  y^gUi  tocii  dim,  o*** 


surrounded  by  a  clear  albuminoius  yolk  flnid,  v p,  which  graduall/ 
becomes  opakc,  and  abont  which  the  yolk-granules  accumulate, 
amonir  which  is  the  opake  or  dark  aggregate  peculiar  to  Satruckiiit 
and  called  the  yolk-nucleus,  ib.  vn.  This  body  disappears  as  the 
yolk-mass  approaches  its  mature  bulk,  and  acquires  the  Isiger 
quadrilateral  or  quadrangular  particles.    The  smooth  andwdl- 


Digitized  by  Google 


OVULATIOl!!  IN  CARTILAGIKOUS  FISHES.  m 


defined  periphery  of  the  jolk-maaa  is  in  close  contact  with  the 
layer  of  nucleated  cells  lining  the  ovisac,  ib.  # :  and  at  a  later 
stage  of  deTelopement>  when  the  pigment-cells  have  been  applied 
to  the  surface  of  the  germinal  portion  of  the  yolk,  a  distinct 
external  membrane  is  present.  In  the  month  of  February  the 
macnl»  of  the  germ-cell  multiply  and  form  aggregates,  with 
envelopes,  representing  cells  with  a  granular  nucleus,  which 
nucleus  finally  disappears,  and  the  so-rendered  clear  cells  escape 
by  solution  of  the  coat  of  the  germ-cell  into  the  surrounding 
yolk->ubstance,  tliis  rupture  or  disajjpcnrance  of  the  germ-coU 
preceding,  as  in  some  U.s.-onii>  Fi-lien,  the  rcce[ition  of  the  matter 
of  the  spermatozoon.  The  rii)e  ovarian  ovum  of  the  Frog  { Ha  tin 
temporaria)  is  from  -jV  to  inch  diameter.  The  outer  membrane 
(ectosac)  of  the  ovum,  after  quitting  the  ovariumj  is  surrounded 
and  defended,  before  exclusion,  by  the  gelatinous  secretion  of  the 
oviduct:  it  does  not  show  the  structure  of  that  of  the  Fish.  If 
a'micropyle'  exist  prior  to  impregnation,  as  Prevost  and  Dumas 
record,^  it  has  escaped  tiie  express  research  of  some  later  observers.' 
The  full-sized  ovum  of  the  oviduct  retains  its  spherical  form,  fig. 
420,  A.  In  the  Newts  the  ectosac  of  the  ovum  is  elliptical, 
fig.  420,  B,  and  a  clear  albuminous  fluid  intervenes  between  it 
and  the  yolk.  In  TrUcn  eristaius  the  yolk  is  bright  yellow :  in 
IMsotriton  punctatus  it  is  ash-coloured :  in  the  Land-Salamander 
it  is  orani'e.  In  tailless  Batrachia  the  colour  is  limited  to  the 
surface  of  the  yolk,  which  is  grey  beneath:  in  the  Toad  the 
pigment  is  almost  black,  in  the  Frop:  it  is  dark  hrown  :  in  both 
it  covers  all  the  surface,  save  one  small  rourui  s^xjt ;  in  Alytes 
obstetricans  it  covers  half  the  volk  :  it  stains  vcrticallv  from  I- 
to  -^^  of  the  dinTueter  of  the  yolk:  in  all  it  defines  the  germinal 
part  of  the  yolk. 

§  113*  Chndation  in  CartUaginmis  Fishes  and  Sealed  Reptiles. — 
K  the  generative  organs  and  products  were  exclusively  to  govern 
the  classification  of  AnimalSy  the  Chinia^roids  and  Plagiostomes 
would  be  separated  from  otiier  Analhintoids,  and  be  combined 
with  scaled  Reptiles,  with  which  they  agree  in  the  type  and 
grade  of  their  generative  organs,  and  in  the  more  important 
characters  of  the  structure  of  the  ovum.  Its  essential  con- 
stituent, the  germ-cell,  has  a  single  nucleus,  and  it  becomes 
surrounded,  while  in  the  circumscribed  ovary,  witli  a  large  mas.^ 
of  vitelline  substance,  consisting  in  great  pan  i)f  oily  and 
all)ununous  matter,  inclosed  in  delicate  vesicles.  Jicsidcs  these, 
there  is  a  small  proportion  of  the  yolk,  consisting  of  minute 
'  In  kbo  centre  of  Uie  brown  hcmisphcro.  cccxi.  p.  104.        '  occxiii. 
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pranules  and  £^r;\niilar  corpuscles,  more  immediately  surroundin.: 
the  geriu-i'cil ;  which,  moving  IVom  the  centre  to  the  periphen' 
of  the  yolk,  there  forms  the  *  eicatricula,'  the  exclu.^ive  seat  of 
subsequent  developcment.  In  the  cartilaginous  Fishes  the  im- 
pregnating  influeuce  is  received  before  the  ovum  quits  the  ovarium, 

or  shortly  after.  In  the 
egg's  passage  through  the 
oviduct  the  volk  is  ta^ 
rounded  hy  fiuid  albmnen, 
and  finally  by  a  case  of 
the  denser  albnminoos 
secretion  of  liie  nida- 
mental  gland.  The  form 
of  the  egg  when  thus 
invested  is  remarkable, 
and  (Uti'creut  in  diiferent 
genera. 

In  the  Skate,  fig.  419, 
A,  it  is  an  oblong  quad- 
rangular flattened  case, 
with  the  angles  produced 
forward  and  backward, 
like  those  of  a  butchei's 
tray.  In  the  Spotted 
Do^'fish,  ib.  By  the  on 
are  also  quadrangular, 
but  longer,  and  the  aog^ 
are  extended  into  filamen- 
ifLfy  tendrils,  which  attach  themselves  to  floating  bodies,  and  thus 
keep  the  ovuin  lu'iir  the  surface,  where  the  influence  of  solar  heat 
and  light  is  greatest.  In  Nofidauus,  with  a  similarly  shaped  cirri- 
gerous  eug,  the  anterior  and  posterior  surfaces  are  crossed  by 
about  twenty  parallel  transverse  ridges.*  In  Cestracion  the  cfrjl 
is  lyriforni,  with  a  broad  ridge,  or  plate,  wound  edge-wise  round 
it  in  five  spiral  volutions.  The  eggs  of  Callorhynchus  resemhle  a 
broad-leaved  fucus,  in  the  form  of  a  long  depressed  ellipse,  with 
a  plicated  and  fringed  margin.*  The  ovum  of  the  Myrine 
glutmosay  %.  419,  c,  is  a  long  ellipse^  terminated  at  each  end  bj 
a  tassel  of  slender  tubular  filaments,  twen^-fiye  to  thirty  in 
number,  expanding  at  their  free  end  (opposite  d)  into  a  funnel- 
shaped  process.' 


lOlf  OVBof  Oviparous* 
OX'VIli. 


*  ZZ.  vol.  Y.     70,  preps,  nos.  3245,  3246. 

*  XX.  vol.  V.  p.  69p  pniw.  noi.  SS85,  a.  and  o. 


*  oocvm*  p.  51. 
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The  structure  and  formation  of  the  ovum  in  scaled  and  scuted 
Ixeptilcs  are  essentially  the  same  as  in  the  cartilaginous  Fishes. 
The  genn-cell,  with  a  single  nucleus,  is  first  formed  in  a  delicate 
ovisac  imbedded  in  the  stroma  of  a  solid  ovarium.    A  yolk  of 
large  size  is  added,  of  which 
the  greater  part  consists  of 
large  non-nadeated  oil*vesi- 
des,  and  .the  smaller  part 
of  the  vitelline  granules  and 
cells  with  a  granulated  nu- 
cleus; these  originally  sur- 
round the  germ-cell,  then 
indicate  its  tract  from  the 
centre  to  the  periphery  of 
the  yolk,  and  fonn  with  the 
matter  of  the  germ-cell  the 
cicatricula,   or  blastoderm. 
This  occupies  a  much  smaller 
extent  of  the  surface  of  the 
yolk  than  in  the  small- 
yolked  eggs  of  I^atrachians 
and  Osseous  Fishes,  and 
segmentation    is  limited 
thereto,  the  rest  of  the  yolk  being  nutritive.   The  ovum,  con- 
sisting of  the  above  parts,  inclosed  in  a  vitelline  membrane,  quits 
the  ovary  and  is  received  into  the  oviduct:  here  it  acquires  a 
certain  proportion  of  soft  albumen,  upon  which  is  condensed  a 
thin  tough  layer,  called  '  chorion.'    In  the  ovo-vivip;irous  Snakes 
(^Vipera)  and  Lizards  (Znntoca)  this  membrane  is  thin:  in  the 
oviparous  species  it  acquires  a  crust  of  calcareous  matter  before 
exclusion.    This  crust  is  very  thin  and  scanty  in  most  8cri)cnts 

•  •■J 

and  Lizards,  but  is  thicker  in  (Jhelonia  and  CrocodiUa^  forming  a 
shell.  The  egg  is  spherical  in  some  Cheloma,  si)heroidal  in  others, 
fl<^^  420,  F,  elliptical  in  Emys^  fig.  399 :  in  the  Crocodiles  the  egg 
is  a  long  ellipse,  fig.  420,  e.  In  no  reptile  does  it  show  the 
oval  form  which  prevails  in  Birds,  ib.  o  and  d. 

{  114.  Feeundadon  m  FUheB, — Certain  changes  and  peculiar 
phenomena  attend  the  increase  of  size  of  the  soft  and  hard  roes 
during  these  primary  processes  of  generation.  The  colours  of 
the  fish  become  more  marked  and  brilliant:  tlie  different  sexes 
are  of^en  distinguished  by  peculiar  tints,  as  the  male  Stickleback 
by  his  l)ri'rlit  red  throat,  for  example.  The  cutuneons  crest  on 
the  head  is  developed  in  Sularias  and  many  other  Blennioids,  e.g.. 


Bxtenul  fonnt  of  dUtercnt  eggs  of  BcptUesaad  Btadu 
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in  the  male  rivi]>nroiis  Blcnny,  wliich,  by  eversion  of  tl»c 
terminatinii.^  ol'  the  j?penn-cauals,  i!it[»i  egiiates  internally.  The 
dashers  in  the  male  Plagiostomes  then  acquire  their  full  tleve- 
lopement  and  force:  the  basal  glands  in  those  of  the  Eay? 
enlarge.  In  Osseous  Fishes  the  whole  abdomen  swells,  and  the 
viscera  are  displaced  bj  the  prodigious  balk  of  the  germinal  and 
seminal  matter. 

As  the  period  of  *  fecundation '  approaches,  the  female  oeseons 
fish  seeks  a  favourable  situation  for  depositing  her  spawn,  usnsHy 
in  shoal  water,  where  it  can  be  most  influenced  by  solar  waimlli 
and  light  The  marine  Herring,  Mackerel,  and  Pilchard  a]>proaefa 
the  shore  in  shoals :  the  fluviatile  Salmon  quits  the  estuary  to 
ascend  the  river,  overcoming,  with  astoniahing  perseverance  and 
force,  the  rapids  or  other  mechanical  difficulties^  that  impede  ite 
migration  to  the  shallow  sources,  whither  the  sexual  instinct 
impels  it  as  the  fit  place  for  oviposition.     The  female  fish  is 
closely  pursued  by  the  male,  sometimes  by  two :  in  tlie  Capclin 
{MaUofiiA  these  swim  on  each  side  of  her,  aiding  by  theii 
prcs-urr  ill  the  expulsion  of  the  spawn,  and  at  the  same  time 
impregnating  it  by  diffusing  over  it  the  fluid  of  the  milt:  tiiiw 
absorbed  in  the  sexual  passion,  they  have  been  seen,  on  the 
shores  of  Newfoundland,  to  rush  on  land  in  their  spasmodic 
course  over  the  shallows,  which  they  strew  with  the  fecundated 
ova.  In  some  genera  violent  combats  take  place  between  the  males. 
Mr.  Shaw,'  a  dose  observer  of  the  habits  and  developement  of 
the  Salmon,  states: — *  On  January  10, 1836, 1  observed  a  female 
Salmon  of  about  16  lbs*,  and  two  males  of  at  least  25  lbs.,  engaged 
in  depositing  their  spawn.   The  two  males  kept  up  an  incessant 
conflict  during  the  whole  day  for  possession  of  the  female,  snd, 
in  the  course  of  their  stru;i;gles,  frequently  drove  each  o(2ter 
almost  ashore,  and  were  repeatedly  on  the  surface,  displaying 
theii*  (ltn\-al  fins  and  lashiii;^  the  water  with  their  tails.  The 
female  throws  herself  at  intervals  of  a  few  minutes  upon  her  side, 
and,  while  in  that  ]'  )>ition,  by  the  rapid  action  of  her  tail,  ?he 
cli^s  a  reiM  jiiu rlr  for  her  ova,  a  })ortion  of  which  she  de])0»its, 
and,  again  turnin<;  upon  her  side,  she  covers  it  up  by  the  rencwerl 
action  of  the  tail,  thus  alternately  digging,  depositing,  and  covering 
the  ova,  until  the  process  is  completed  by  the  laying  of  the  whole 
mass,  an  operation  which  generally  occupies  three  or  four  days.' 

In  tlio  ovo-viviparous  Osseous  Fishes  Uie  well-developed  cloacal 
papilla,  in  which  the  sperm-4ucts  terminate,  doubtless  serves  to 

>  Sftve  thoM  erected  by  stupid  cupidity  to  cfTcctuiilI/  bar  the  salmon's  progreift 
*  OZXIT.  p.  551. 
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ensure  intromission.  The  superadded  claspers  in  the  male  Plaglo- 
Btomes  lend  more  effectual  aid  in  the  act  of  internal  impregnation, 
for  in  those  spedes  that  are  oviparous  the  ova  are  imprefrnated  and 
covered  by  a  nidamental  coat,  or  *  shell,'  prior  to  exclusion. 

In  Osseous  FisheSj  where  exclusion  usually  precedes  impregno- 
tiouy  the  fint  change  obserred  in  the 
OTnm  after  entering  the  water  is  its  im- 
bibition, causing  a  separation  of  the  outer 
tunic  from  that  of  the  yolk,  fig.  421,  A. 
Dr.  BftBftm"  connects  the  phenomenon 
with  ihe  passage  of  the  spennatozoa 
through  the  micropyle,  which  he  ob- 
served in  his  experiments  on  the  ora 
of  the   Stickleback.*     In  these  ova, 
about  three  minutes  after  impregnation, 
the  funnel  of  the  micropyle,  which  had 
descended  into  a  depresiiioa   on  the 
upper  surface  of  tlie  germinal  part,  fig. 
42  ly  By  began  to  be  withdrawn  by  the 
recession  of  the  external  membrane  from 
the  surface  of  the  yolk  and  the  forma- 
tion  of  the  intervening  dear  space. 
About  ten  minutes  after  impr^puttion 
the  dear  respiratory  space  is  more 
marked :  the  genninal  layer^  with  a  few 
large  oil-globules,  is  disdnguishable  by 
its  opadty  from  the  clearer  part  of 
the  yolk,  ib.  A.  In  the  Perch  it  presents  a  greyish,  in  the  Pike 
a  yellowish,  tint.    The  germinal  veside,  which  had  previously 
become  filled  and  obscured  by  granules  and  granular  corpuscles, 
breaks  up  to  furm,  or  contribute  to  form,  the  germinal  kyer, 
which  now  becomes  more  circumscribed  and  distinct :  the  process 
of  segmentation,  which  follows  that  of  impregnation,  is  limited 
to  the  germinal  portion  of  the  yolk,  with  which  it  is  co-extensive. 
In  the  Perch  the  ova  assume  a  greenish  tint  shortly  after  impreg- 
nation.   There  is  reason  to  suppose  that  impregnation  of  the 
eggs  of  both  Sharks  and  Kays  takes  place  in  the  ovarium  or  the 
contiguous  part  of  the  oviduct,  for  they  become  enveloped  in  the 
dense  albuminous  secretion  of  the  nidamental  glands  after  having 
passed  that  part»  which  covering  would  prevent  the  subsequent 
influence  of  the  spermatozoa. 

§  115.  Developement  of  Fishes, — The  germinal  layer  consists  of 

*  Cited  in  oootul  p.  W. 
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a  minutely  granular  matter,  with  clear  corpuscles,  vitelline  cell?, 
and  oil-particles:  it  j)n)jects  from  the  surface  of  the  yolk,  fig. 
422,  a,  and  becomes  transjmrent :  the  vitelline  and  oil-globules, 
^en^'^g^^^^  base,  buoy  it  up.    The  formatioii  of  two 

hyaline  centres  is  followed  by  the  deayage  of  the  germinal  layer 
into  two  equal  parts,  ib.  and  these  are  next  cleft  at  right  angles 
into  four,  ib.  c.  In  the  Tench  this  occurred  about  half  an  hour 
after  the  rising  of  the  germ-layer.  Each  of  tiie  four  divisions 
undergoes  subdivision,  but  irregularly,  ib.  di  Airther  sub- 
division gives  the  surface  a  mulberry  character,  ib.  e,  and 

finally  the  parts  are  broken  up  to 
such  a  degree  of  minuteness  that 
the  Furface  is  agaiu  made  smooth. 
The  hyaliuc  i)rinciple,  which  is  the 
centre  and  cause  of  these  successive 
divisions,  is  thus  diftiised  through, 
or  assimilated  l)v.  the  whole  jrcrrainal 
rintgtei)«uiUi«a«vi!iiop«iBeDtof  «T«neh.     layer,  which  lias  thereby  become 

the  *  germ-mass.'  It  now  subsides 
to  the  form  of  a  circidar  disc,  separated  by  a  layer  of  oil-globules 
from  the  yolk.  The  process  occupies  about  three  days  in  the 
Sahnon,  and  from  fifteen  to  twenty  hours  in  the  Pike :  ^  before  it 
is  completed  in  the  latter  fish  the  yolk  rotates  within  the  ectosac* 
A  cavity  is  formed  in  the  centre  of  the  germ-mass,  which,  as 
the  mass  subsides  and  extends  over  the  yolk,  is  obliterated  by  the 
contact  of  the  outer  and  inner  layers.  It  clothes  half  the  yolk 
by  about  the  end  of  the  third  day,  and  when  it  covers  two-thirds 
or  more,  tlie  rotation  ceases.  The  margin  of  the  gcmi-mass 
cncomj*a.-^*in2:  the  uniiielosed  part  of  the  yolk  is  tumid.  No 
rotation  takes  place  in  the  ovum  of  the  Pereh,^  and  tiie  germ- 
mass  incloses  the  whole  ^'itellns,  as  in  the  Cyprinoids. 

The  peripheral  layer  in  the  Pike  beirins  to  rise  from  tlie  tumid 
margin  of  the  gemi-mass,  as  from  a  base,  and  extends,  com  raeting, 
towards  the  opposite  pole:  this  tract  of  pfcrm-substance  is  the  *  em- 
bryonal '  or '  primitive  trace.'  It  next  sinks  in  along  the  median  line, 
forming  a  furrow,  which  stops  short  of  the  two  ends  of  the  trace: 
that  end  opposite  the  point  f^m  which  the  germ  began,  swells  into 
the  head,  and  the  median  furrow  expands  upon  it ;  the  cephalic 
borders  are  next  united  by  a  thin  layer  of  epithelial  ceUs  above  the 
furrow,  conyerting  it  into  a  cavity  or  ventricle,  and  the  myelons! 
furrow  is  similarly  covered  by  a  layer,  unitin<r  the  lateral  columns. 
The  embryonal  trace  becomes  longer,  narrower,  and  bends  ruuuJ 
*  cccxix.  p.  486.  *  oxxxi.         •  lb.  p.  512. 
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half  the  vitcllus,  fig.  422,/.  A  layer  of  epithelial  cells  forms  a 
Tiot-work  over  the  whole  dorsal  (upper)  surface  of  the  embryo, 
in  the  g^nn-mass  broadening  from  the  primitiTe  trace  oblique 
8tri»  appear,  indicating  its  division  into  segments :  these  begin- 
nings of  aponeurotic  septa  probably  accompany  and  support  ner^ 
Tons  productions  firom  tiie  myelonal  columns. 

Two  transverse  oonstriclions  begin  to  divide  the  cephalic 
enlargement  into  three  lobes,  the  second  and  third  of  which 
expand  into  yesioles :  an  accumulation  of  cdls  at  the  sides  of  the 
middle  ezpanaon  appears  to  add  greatly  to  its  breadth,  but  forms 
the  basis  of  the  eyes.  A  similar  accumulation  of  darkish  j^ranular 
matter  on  each  side  uf  the  third  enlargement  lays  the  foundation 
of  the  acoustic  vesicles. 

The  differentiation  and  confluence  of  the  cell-constituents  of 
the  primitive  trace  have  previously  led  to  the  formation  of  a 
pair  of  albuminous  chords  along  the  sides  of  the  median  furrow, 
forming  the  myelon  proper ;  the  cells  exterior  to  and  above  them 
are  converted  into  muscle  and  fibrous  septa,  whilst  beneath  the 
columns  is  the  jelly-fiiled  cylinder,  with  a  transversely  striate 
sheath,  pointed  at  both  ends,  forming  the  *  notochord,'  fig.  423,  ch : 
its  anterior  point  passes  a  little 
in  advance  of  the  acoustic  vesi* 


desy  ib.  f.  Beneath  the  noto- 
chord  and  surrounding  blastema 
is  stretched  the  vegetative  or 
mucous  layer  of  cells,  in  contact 
with  the  volk.  Both  head  and 
tail  of  the  now  cvUndrical  em- 


bryo  are  liberated  from  the  sur-  Ho^iofanbr/oPtke.  oonu. 

face  of  the  yolk.     A  fold  of 

blastema,  rtflccted  from  the  under  part  of  the  head,  sinks,  like  a 
j)0uch,  ib.  /,  into  the  yolk,  and  soon  iiicl tides  the  rudiment  of"  the 
heart,  like  a  bent  cord,  ib.  A,  which  begins  to  oscillate  about  the 
seventh  day.  From  the  mid-line  of  the  inferior  surface  of  the 
embiyOy  or  its  mucous  layer,  two  longitudinal  plates  descend, 
diverging  into  the  yolk-substance,  and  form  the  primitive  intes- 
tinal groove. 

The  ophthalmic  vesicle,  ib.  g,  elongates  and  curves  outward,  until 
the  two  ends  almost  come  into  contact:  between  those  ends  and 
beneath  the  delicate  tegumentary  layer  connecting  them  the 
crystalUne  lens,  ib.  b,  is  formed.  About  the  same  time,  the 
otolites  appear  in  the  acoustic  veacles,  ih,f,  and  these  have  now 
acquired  a  cartilaginous  case.    The  cerebral  lobes,  r,  begin  t^) 
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be  foimed  by  small  folds^  rismg  laterally^  and  overlappuig  the 
fore-part  of  the  second  enhugement,  ib.  o»  which  has  expanded  to 
greater  breadth.  The  olfactory  cavities  appear  as  small  cutaneous 
depressions  or  follicles,  ib.  r. 

The  two  myelonal  columns,  expanding  between  the  ear-aacs, 
and  receding  so  as  to  show  the  notochord  beneath,  bend  upward 
and  iinvard,  and  unite,  to  be  continued  into  the  back  part  of 
the  optic  lobes,  thus  commencing  the  cercbelhir  bridge,  ib.  C, 
across  the  epenccjihulie  ventricle.    The  encephalic  vacintiea  have 
begun  to  be  filled  by  the  granular  basis  of  the  cerebral  fibre  or 
substance.    The  intestinal  i^roove  l)euin3  to  l>c  converted  into  a 
canal  at  its  two  ends,  which  are  closed :  beneath  tiie  anterior  end, 
and  behind  the  heart,  progressively  accumulates  the  cellular  basis 
of  the  liver.    The  free  caudal  end  of  the  embryo  grows  rapidly ; 
muscular  heavings  of  the  body  occur  before  the  heart  beats,  and 
pulsation  begins  before  the  cavity  is  visible  in  the  cell-mass. 
The  heart  appears  first  as  a  cylinder  of  cells,  changing  in  its 
movements  from  a  straight  to  a  bent  fissure,  fig.  423,    and  pro- 
pelling only  colourless  phunna;  a  canal  is  next  seen,  along  which 
the  Uood-particles  traverse  the  cylinder,  from  the  yolk  below  to 
the  head  above :  these  blood-particles  are  spherical  or  polyhedral, 
colourless  and  homogeneous,  and  are  more  minute  than  the 
genninal  cells.    The  cardiac  cylinder  is  next  divided  by  u  con- 
striction into  an  auricular  and  a  ventricular  compartment.  The 
blood,  ill  which  the  discs  soon  acquire  increased  size  and  a  pale 
red  colour,'  is  propelled  from  the  ventricle  by  channels  encom- 
passm^r  the  fore  part  of  the  alimentary  canal  into  a  dorsal  trunk, 
which,  alter  a  short  course,  bends  down,  and  returns  as  a  vein  to 
the  vitellus,  over  which  the  blood  at  first  courses  in  undetenmnate 
streams,  but  which  converge  to  enter  the  auricular  division  of 
the  heart   As  the  abdominal  cavity,  intestine,  and  body  elongate, 
a  succession  of  such  vertical  loops  is  formed,  receding  from  tlie 
first,  with  corresponding  elongation  of  the  aorta  and  postcaval,  or 
entero-vitelline,  vein.   The  aorta  soon  sends  off  pairs  of  tiana- 
verse  loops,  corresponding  with  the  vertebral  segments,  the 
returning  channels  of  whidi  open  into  or  constitttte  the  cardins] 
vein.    The  embryo  now  encompasses  the  yolk,  as  in  fig.  422, 

In  the  eye  the  crystalline,  developed  from  the  epithelial  layer 
uniting  the  two  ends  of  the  beut  ophthalmic  vesicles,  sinks  deeper 

>  JicreboaiUet  obienred  in  embrjro-fialiM  niied  In  tanki  ftom  artifieiat 

tion,  that  the  hlood-parf  ides  were  later  in  formatioD,  and  more  tcantj  than  in  the 
embryos  derived  froTu  the  free  MraftOM  s  A  remark  worthy  tbe  attension  of  the  breeder 
orfiah.   cocxix.  5S0. 
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as  those  ends  approximate  each  other.  The  choroid  appears  in  the 
form  of  an  inner  cylinder,  applied  to  the  sunk  haok<-part  of  the 

lens,  and  its  extremities,  approximating  and  uniting,  produce  the 

choroidal  fissure  :  the  eye  is  now  the  most  conspicuous  part  of 
the  embryo,  especially  in  tlie  ovuiii  of  ihc  Sahmmidcp.y  and  is  a 
useful  sign  to  the  pisciculturiat  of  the  impregnation  and  vitality 
of  the  eiri^. 

The  hinder  ctecal  part  of  the  intestine  rapidly  elongates,  f]  om 
behind  forward,  the  yolk  advancing  in  position.  The  anterior 
csocum  also  elongates  from  before  backward:  the  open  part  of 
tlie  intestine,  which  communicates  with  the  vitelline  sac,  becomes 
in  the  same  measure  constricted. 

When  the  two  divisions  of  the  heart  are  bent  upon  one  another, 
the  liver  shows  several  small  casca,  which  rapidly  multiply,  and 
become  opake :  it  is  situated,  fig.  424,  /,  bebind  the  heart  and 
above  the  yolk,  now  becoming  reduced  to  a  globule  of  oil,  which 
is  long  retained  in  the  young  Perch. 

The  primordial  kidneys  appear  as  two  parallel  rows  of  rounded 
cells,  above  the  liver,  their  ducts  uniting  to  form  a  tube,  which 
runs  above  the  inteiitiuc,  and  dilates  above  the  hinder  cajcal  end 
of  the  gut. 

The  pectoral  fins  begin  to  bud  forth:  the  protocercal  mem- 
branous fin-fold  commences  at  the  middle  of  the  hack,  borders 
the  ttiil,  aiid  returns  along  the  belly  as  far  as  the  vitellus.  Large 
pi^nuent-cclls  are  spread  over  the  yolk-sac,  whicli  bcromc  stel- 
late. Muscular  fibres  appear  in  the  myocommata  as  transparent 
cylinders,  without  the  transverse  strise:  they  move  the  tail 
yigoiously,  and  cause  the  embryo  and  its  yolk-sac,  in  the  Perch, 
to  rotate  in  the  egg.  This  has  increased  in  size  by  imbibition 
of  water,  and  its  external  coat  is  thinned  by  stretdidng;  it  now 
gives  way,  and  the  embryo  is  extricated,  about  the  tenth  day  in 
the  Pike  and  the  twelf^  day  in  the  Perch.  The  size  and  shape  of 
the  yolk-sac,  fig.  424,  c,  vary  in  different  kinds  of  Osseous  Fishes.^ 

The  vitelline  vascular  network,  ib.  cf,  is  the  first  respiratory  organ 
of  the  fish :  its  divisions  carry  the  blood-discs  only  in  single  files. 
The  outer  tunic  covering  the  vascular  one  permits  the  interchange 
of  gases  between  the  blood  and  the  water  outside.  This  respired 
*»r  arterial  blood  is  mixed  with  the  venous  blood  which  is  returned 
to  the  heart  by  the  cardinal  veins,  and  is  distributed,  so  rin\(  1, 
by  the  nrt(  rics.  The  vitelline  cnpillnrios  crradnallv  rxehauge  a 
reticulate  for  a  parallel  longitudinal  course,  with  diminution  of 

)  In  artifidal  balcbiRg,  yonag  trnat,  and  especially  char,  ihow  a  difflcaltj  in  «ztri- 
oitiDg  ths  7olk-fM,  ud  many  perish  ftom  iulbiUtj  to  libnrate  theouelTW. 
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numben  and  increase  of  size:  and  as  the  fitness  of  the  Tascoilar 
surface  for  respiration  deereasesi  the  developenient  of  the  gills 
2)rogresses.    The  branchial  arches  appear,  three  in  quick  saocea- 

Rion,from  behind  forward,  and  })ranchial  tubercles  bud  from  them 
in  like  order.  The  mouth  and  the  branchial  t^lits  being  now 
opened,  the  arches  move  rythmically,  so  as  to  produce  branchial 
currents  :  the  blood  is  yellowish,  and  the  discs  begin  to  sli«jw  the 
flat  oval  shape.  As  the  vitelllcle  decreases,  its  circulation  is 
changed,  or  merged  into  tlic  ]>ortal  hepatic  system ;  and  n<»w  that 
through  the  branchial  buds  begins.  The  change  of  the  vitelline 
for  the  branchial  circulation  relates,  in  a  general  way,  to  that 
firom  the  confined  to  the  free  state  of  the  young  fish :  but  no 
such  alterations  of  the  circulating  or  breathing  systems  attend 
the  escape  of  the  fish  from  the  ^g  as  mark  extrication  in  the 
Beptile  and  Bird,  or  birth  in  the  Mammal  Vitelline  respirationy 
carried  on  in  wo  by  means  of  the  imbibed  water  between  the  outer 
and  vitelline  tunics,  continues  to  operate  for  a  longer  or  shorter 
period  after  the  little  fish  is  free,  according  to  the  species,  and  also 
according  to  the  individual  constitution  in  the  same  species. 

Each  branchial  bud  is  at  first  a  solid  cell-mass,  and  is  excavated 
to  receive  the  blood  witli  blood-discs  in  sincfle  file  :  secondary 
tubercles  bud  forth  at  riLjht  aiii^les  to  the  primary  ones,  through 
which  similar  blood  currents  How  :  the  primary  buds  become  the 
stems  of  the  leaHcts  into  which  the  secondary  ones  are  develoj)ed, 
and  the  cartilaginous  axis  of  the  arch  and  stems  next  appears. 
The  pseudo-branchia  also  shows  itself  behind  the  eye,  in  the  form 
of  flattened  elongated  folds,  through  which  the  blood  courses  at 
first  in  a  few  vascular  loops.  In  the  Anabas,  and  probably  other 
Labyrinthibranchs,  the 
epibranchial  reservoir,  4S4 
fig.  325,  retains  a  com- 
parative degree  of  sim-  — 4- 
plicity  until  the  fish  is  '  T'f^ 
full-grown. 

The  intestinal  canal, 
after  the  formation  of  the 
mouth  and  vent,  retains 
its  unilunn  (llanu  tcr,  ex- 
cept where  it  is  partly 

surrounded  by  a  mass  of  roro  Part  of  embryo OascoiwFijOi- 

the  cells,  in  which  the 

liver,  fig.  424,  /,  is  developed  :  the  gall-bladder  appears  to  be  a  ca^cal 
production  from  the  intestine,  independently  of  the  liver.  Opposite 
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the  liver  a  tubercle  of  celk  buds  out^  which  eloDgates>  enlarges, 
and  then  acquires  a  cavity:  this  is  the  beginning  of  the  air- 
bladder,  ib.  «.  Many  Fishes  retain  the  tubular  connectaon  with 
the  alimentary  canaU  and  those  which  ultimately  lose  the  'ductus 
pneumaticus '  usually  retain  for  a  longer  or  shorter  period  that 
evidence  of  the  place  and  mode  of  orijjin  of  the  air-bladder. 
The  posterior  coiiipariiuent  of  the  air-lihidder  is  first  developed 
in  the  Cyprinoids,  which  accounts  for  the  connection  of  the 
air-duct  with  that  part:  the  whole  posterior  coiiipartineiit  disap- 
])C.ars  with  the  duct  in  the  Loach.  In  tlic  Ilcrriup!'  the  ]>nmitive 
|>hi('c  of  its  connection  with  ihv  alimentary  canal  is  retained. 

The  ureter,  q,  developed  from  ihc  intestine  before  the  embryo 
quits  the  ovum,  communicates  with  the  extremities  of  the  trans- 
verse parallel  tubuli,  p,  formed  by  confluence  of  primitive  cells  in 
the  renal  blastema.  The  cardinal  veins  traverse  or  groove  the 
renal  organs,  as  they  do  the  Wolffian  bodies  in  the  embryos  of 
higher  Vertebrates;  and  this  primitive  relation  of  the  vascular  to 
the  renal  system  is  not  changed  in  Fishes  by  the  substitution  of 
true  kidneys  for  the  primordial  renal  organs.  In  many  Fishes  a 
csecal  process  is  developed  from  the  fore,  or  ventral,  surface  of 
the  termination  of  the  intestine,  and  extends  forward,  as  a 
bladder:  its  growth  is  arrested  at  various  stages  in  different 
species,  and  it  is  termed  'urinaiy  bladder/  but  it  is  the  liomologue 
or  beginning  of  the  allantoic. 

The  intestinal  wall  is  completed,  and  tlic  fissure  behind  the 
liver  closed,  by  the  time  the  yolk  is  consumed.  The  vent  opens, 
in  the  Pike,  on  the  fourth  day  after  extrication  :  in  the  Perch 
coloured  particles  added  to  the  water  were  seen  to  traverse  the 
intestine,  and  escape  *  per  anum'  on  the  sixth  day.'  Previously 
the  mucous  walls  of  the  gut  are  in  contact,  although  the  peri- 
staltic movements  are  active  About  the  eiixhth  day  the  presence 
of  bile  is  indicated  by  the  colour  of  the  gall-bladder  and  d  nets.  The 
stomach  expands,  and  divides  the  oesophagus  from  the  intestine. 

After  extrication  the  eye  loses  the  choroidal  fissure :  Ihe  iris  ac^ 
quires  the  silvery  pigment.  The  ear-sacs  assume  a  triangular  form : 
the  two  otolites  grow  unequally  by  additional  calcareous  layers. 

The  primary  enlargements  of  the  encephalon  are  connected, 
respectively,  with  the  acoustic,  optic,  and  olfactory  nerves :  the 
anterior  one,  fig.  424,  p,  becomes  divided  into  prosencephalon  and 
rhinencephalon  ;  the  second,  o,  rapidly  gains  superior  bulk  in 
coTiTiection  with  the  large  eyeballs,  and  its  pineal  and  pituitary 
appendages  appear  as  vascular  membrauuuti  canals.    The  cere- 

'  CCCXIX  p.  4S8. 
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bellum  is  the  last  part  which  is  formed  by  reflection  upon  the 
upper  and  fore  part  of  the  epencephalon.  A, 

The  mode  of  developement  of  the  eartihiginoufl  cnmium  is 
described  at  pp.  71-74.  In  the  Perch  a  layer  of  cartilage-cellfl 
beneath  the  fore^part  of  the  head  Is  continued  down  on  each  aide 
into  the  front  border  of  the  inferior  transverse  mouth :  a  second 
cartilaginous  arch  cxtciitls  from  the  side  of  the  cranium,  behind 
the  eyes,  and  supports  the  hinder  and  more  prominent  border  of 
the  mouth :  a  delicate  cartilaginous  filament  from  each  side  of  the 
occiput  .-c'c  ks  an  attachment  with  the  basis  of  the  rapidly  vibnitini^ 
j)ectoral  fin,  and  proceeds  to  curve  beneath  the  cardiac  cliainl  er. 
Between  this  basis  of  the  scapular  arch  and  the  mandibular  arcli 
are  discernible  several  smaller  arches,  beneath  the  large  ear-sacs, 
of  which  three  are  conspicuous  as  'branchial  arches,'  but  the 
foremost  acquires  the  most  decided  gristly  structure,  and  is 
prozimally  attached  to  the  origins  of  the  mandibular  arch:  it 
becomes  tiie  hyoid  arch*  The  first  and  second  inferior  or  hsemal 
arches,  called  '  maxillary  *  and  '  mandibular/  rotate  forward  upon 
their  piers,  or  })oints  of  attachment,  and  from  being  vertical 
become  more  and  more  oblique,  until  the  opening  of  the  mouth  is 
brought  to  the  fore-part  of  the  head,  and  becomes  terminal  In 
position:  the  third,  or  hyoid,  arch,  in  a  minor  degree,  takes  the 
same  forward  inclination :  the  arches  between  this  and  the 
scapular  one  are  monopolised  by  the  branchial  organs,  which  are 
transitory  or  imdcvehiped  in  the  higher  Haamatoerya.  Ossifica- 
tion in  the  proto-cmnial  cartilage  begins  in  the  four  jmirs  of 
neur!iy>o])]iYses,  answering  to  the  four  ha^nal  arches  below,  and  to 
the  four  primary  divisions  of  the  encephalon  :  the  four  vertebral 
segments  composing  the  head  are  as  instructively  illustrated  by 
the  developement  of  the  skull  as  by  that  of  the  brain. 

The  scales  are  formed  late  in  all  Osseous  Fishes :  their  integn* 
ments  remain  smooth  and  lubricous,  as  in  the  Dermopteri,  some 
time  sfter  the  disappearance  of  the  vitellus. 

After  the  formation  of  the  embryonal,  continuoas  fin-fold 
blastema  aocnmulates  in  its  dorsal,  anal,  and  caudal  regions; 
and,  as  the  rays  are  here  formed,  the  intervening  membrane 
b^^s  to  be  absorbed.  The  fin-rays  (dermo-neurals  and  -hsemals) 
commence  near  the  free  border,  and  elongate  by  approaching  liie 
neural  spines :  they  there  meet  the  inter-neurals  and  -hacmals, 
which  grow  in  the  opposite  direction.  During  the  formation  of 
the  caudal  rays,  the  end  of  the  notoehord,  in  the  Tike,  Perch 
and  Salmon,  bends  upward,  or  *neurad:'  the  hcterocercal  type 
succeeds  the  protocercjd  one,  and  is  followed  by  the  resumj)tion 
of  symmetry  under  the  more  advanced  '  homocercal '  condition. 
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This,  as  a  rule,  is  the  form  and  structure  acquired  by  the  tail  in 
existing  Teleostomous  Fishes:  but  the  * heterocereal '  modification 
does  not  intervene  between  the  proto-  and  homo-cercal  ones  in 
the  Gadid(B. 

The  pectoral  fins  are  developed  usually  before  extrication,  and 
are  often  of  large  relative  size :  in  this  respect,  as  well  as  in  the 
inferior  position  of  the  mouth,  in  the  unsymmetrical  form  of  the 
taily  in  the  gristly  skeleton,  and  uncovered  giil-slits,  the  embryo 
Salmon,  Pike,  Perch,  &c,  manifest  transitory  chaiactera  which 
are  permanent  in  Sharks. 

The  singular  productions  of  the  rostrum  in  most  Plagiostomes, 
like  the  dongation  of  the  jaws  in  osseous  species,  are  later 
phenomena  of  developement.  It  is  interesting  to  find  the  broad, 
depressed,  obtuse  embryonic  fonn  of  head  oonunon  to  many  of  the 
Fishes  of  the  old  red-sandstone.  M.  Agassiz  thus  accounts  for  the 
extreme  rarity  of  the  Ichthyolites  of  this  formation  presenting  a 
profile  view  of  the  head :  it  lies  in  most  cases  upon  the  upper  or 
the  under  surface  of  the  body. 

All  the  Plao^ostomes  have  the  external  as  well  aa  the  internal 
division  of  the  vitcllicle,  fig.  425  ; 
the  peduncle  of  the  external  one 
d,  is  longer,  in  some  species  con- 
siderably so,  than  in  Osseous 
fishes,  and  it  is  beset  with  villi 
in  CareharioM  and  Zyg<Bna,^ 
The  tegumentary  covering  of  the 
outer  yolk,  ib.  dT,  is  denser  and 
more  opake  in  Plagiostomes ; 
the  inner  yolk,  ib.  e,  is  co- 
vered only  by  tiie  proper  Titel* 
line  tunic,  which  is  thin  and 
transparent:  it  communicates 
with  the  short  tract  of  small 
intestine  which  intervenes  be- 
tween the  pylorus  and  the  val- 
vular straight  gut,  h  :  it  receives 
the  external  yolk,  d\  as  this  is 
progressively  squeezed  into  the  abdomen  by  the  contraction 
and  interstitial  absorption  of  its  tunics,  :  and,  as  no  part  of  the 
foetal  abdominal  appendage  is  cast  off,  nor  the  chord  divided,  there 
is  no  cicatrix — no  umbilicus.  The  arterial  vessels  of  the  yolk  are 
derived,  not  from  the  mesenteric  vein  as  in  Osseous  Fishes,  but 

*  cszixi.  tC  in. 
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firom  nunificatioiis  of  a  branch  of  the  mesenteric  artery,  and  the 
blood  is  retomed  to  the  mesenteric  vein.   Hnntei^s  prepamlioiis 

of  the  embryo  Carcharias  (No.  1061),  Scyllium  (No.  3250), 
Spi/iax  (No.  3255),  and  Alopias  (No.  3261)  demonstrate  another 
fcptal  peculiarity  which  later  researches  ^  have  shown  to  be  pro- 
bably common  to  all  Plagiostomes,  \^z.  the  external  fringe  of 
filaments  developed  from  tlic  branchial  surfaces,  b :  a  tuft  extends 
out  of  each  aperture,  and  even  from  the  spiracula,  a,  in  the  iz;cncra 
with  tliose  accessory  openings.  Each  filament  contains  a  single  ca- 
pillary loop :  *  they  disappear  early,  being  remove^  by  absorption. 
The  last  remnants  may  be  seen  in  the  preparation  of  the  foetal  Saw* 
fish  {Pristis,  No.  3263),*  which  is  eight  inches  in  length,  including 
the  saw^  and  has  the  dnct  of  the  external  vitellicle  attached.  In 

the  OTiparons  Sharks,  the  branchial  filaments 
react  on  the  streams  of  water  admitted  into  the 
^^^Ap^VlQ   ®SS  ^7      apertores,  fig,  436,  e.   In  the  ovo- 
^  ^   viviparons  Sharks  the  siae  and  position  of  the 

C     /?rTv\  s     cloac*^  apertures  of  the  nteri  woold  seem  adapted 
\    l^j)  ^     ^  allow  free  ingress  of  sea-water;  so  that, 
^l^^l         whilst  the  vitellicle,  ib.  b,  administerB  to  the  nutri- 
f^^tr\  ment  of  the  embryo,  a,  the  external  branchiae  may 

J^p^  <L  perform  the  respiratory  function.  In  the  smooth 

^  Emissole  {Mustclus  h'v{s)y  vascular  cotyledons  are 

developed  from  the  vitelline  (omphalo-mesen- 
?^       ^         teric)  capillaries,  which  are  firmly  connected  to 
Kcc.,uiKn,hrro:/?rv?-    ^^^^  utcrinc  cotylcdons    so  that  here  the  vitel- 
uuHu  oncjrourui  uu.    ji^le,  Ukc  a  true  pkcenta,  may  perform  both  the 

nutrient  and  respiratory  functions :  the  external 
branchias  disappear  some  time  before  the  exclusion  of  the  embryo 
and  the  absoiqytion  of  the  yolk.  In  the  L&jpidonrtn  OHmeetens* 
three  small  external  branchial  filaments  project  firom  the  single 
opercular  aperture  on  each  side,  and  are  long  retained. 

Some  of  the  Plsgiostomous  Fishes  are  oviparous,  but  not  as  in 
the  minority  of  Osseous  Fishes ;  a  remarkable  transposition  in  the 
times  of  the  processes  of  fecundation  and  exclusion  marks  the 
distinction.  In  the  oyiparous  Osseous  Fishes  the  ova  are  first 
excluded,  then  impregnated:  in  the  oviparous  Plagiostomes  im- 
pregnation is  internal,  and  precedes  oviposition.  The  eggs  are 
much  fewer  in  number,  but  their  impregnation  is  more  certain 
tlian  in  the  scattered  indiscriminate  act  of  spawning  of  tlie 
Osseous  Fishes,  where  the  countless  numbers  of  the  ova  seem  to 

*  XX.  vols.  ii.  and  v. 

«  Kiul()ll>hi,  Lxxvi.;  Rathkc,  cxi. ;  Lonckart,  cxxv. ;  J.  Davy,  Lxxxn. 

■  A.  Tiwmpron,  cxj,        «  xx.  Tol.  *  Jardino,  cxxxv.j  feten^^cuxvi. 
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compenBate  for  the  chances  that  xn&j  intervene  to  prevent  the 
contact  of  the  milt. 

§  116.  Growth  and  Nests  of  Fishes, — When  devclopement  has 
stamped  the  Fiah  with  its  specific  characters,  growth  proceeds  at 
yariouB  rates  and  to  different  degrees,  according  to  the  species 
— viz.,  from  the  sise  of  the  Stickleback  to  that  of  the  Shark 
of  thiriy-fiye  feet  long  {Sdaehe  maxima),  Caip>  Pike,  and  some 
otber  FisheSy  whidi  may  live  in  ponds  or  lakes  under  dicmn- 
stances  faTourable  for  continuons  observation  of  the  same  in- 
dividual, show  that  growth  u  not  definitelj  arrested  as  an  adult 
character;  few  Fishes,  perhaps,  can  be  called  ' ftiU-^grown *  in 
the  sense  in  which  the  term  is  applied  to  warm-blooded  Verte- 
brates :  but,  after  attaining  the  average  size  cluiracteristic  of  the 
B}>ecie8,  individuals  under  favouialjle  circumstances  continue  to 
increase,  though  very  slowly,  in  size.  Growth  is  accompanied  in 
many  species  by  changes  of  mlonr.  in  nome  by  a  greater  propor- 
tional size  of  the  head,  or  by  elongation  or  curvature  of  the  mandi- 
ble, or  by  increased  iengih  of  a  rostral  proh^ngation — swurd  or 
saw:  other  special  weapons,  as  the  dorsal  spines  of  Cestracionts, 
File-fish^and  Dog-fish,  and  both  dorsal  and  pectoral  spines  of  Sheat- 
fish,  acquire  length  and  hardness,  or  dentate  borders,  in  the  course 
of  growth.  External  sexual  characters  are  assumed,  as  shown  in 
the  form  and  structure  of  the  ventral  fins  in  some  Osseons  Fishes^ 
in  the  growth  of  the  '  daspers '  of  Plagiostomes,  and  of  the  mar^ 
snpial  folds  or  pouches  of  Lophobranchs.  In  the  Dolphin  (Cory- 
pk4Bna),  the  cranial  crest  and  fore-part  of  the  dorsal  fin  gain  so 
much  proportional  height  that  young  individuals  of  even  two 
feet  in  length  were  referred  by  Cuvier  to  a  distinct  genus 

In  a  luw  instances  the  changes  accompanying  growth  amount  to 
a  metamorphosis.  The  edentulous  state  of  the  young  Lamprey, 
and  the  semicircnlar  form  of  the  iij)j)er  lip,  are  exchangcMl  for  the 
puotonal  nuihulentate  mouth,  shown  in  fig.  277.  Tlie  external 
branchial  ajiertures  enlarge,  and  the  fnrrow^  in  which  they  at  first 
open  disappears.  The  perfect  fonn  of  the  Lam[)rey  is  not  attained 
until  the  fourth  year.  Xhuing  half  or  two  thirds  of  that  time,  the 
growing  JPetramyzon  presents  a  form  which  passes  as  that  of  a 
distinct  genus  of  Cydostomes  (Ammocates),^  The  LeptocephaU 
are  probably  larvae  of  some  larger  known  fish :  they  have  never 
been  observed  with  roe  or  milt :  the  same  may  prove  to  be  the 
case  with  Branehwstoma, 

*  In  almost  all  the  Teleostomes  the  body  of  the  young  is  more 

*  CCCXXXTUL  *  CLXXIV.  ii.  ]\  405.  '  CCCXXTU.  p.  3S3. 
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Flondor  than  that  of  the  mature  fish,  or  the  height  of  the  body  is 
less  in  comparison  with  its  length.  The  eye  ceases  to  grow  h)iig 
before  the  individual  has  attaiued  its  full  size  ;  so  that  old  fishes 
have  comparatively  smaller  eyes  than  young  ones.  The  form  of 
Fishes  is  altered  by  changes  in  the  shape  of  fins,  by  the  deveh^pe- 
mcnt  or  by  the  loss  of  spines  belonging  to  the  opercular  apparatiu 
or  to  the  fins ;  as  in  tlie  following  examples. 

*a.  Some  of  the  fin-rays  are  prolonged  with  age  into  long 
filaments  :  species  of  Anthias,  Pagrus^  JSphippiu,  Callionr/mus, 

*  b.  Some  of  the  fin-rays  are  prolonged  in  young  individualsy 
but  the  filaments  are  worn  off  with  age:  Laphhu,  EehemUf 
Traehynoht$» 

*e,  Cephalacanthm  is  merely  the  young  of  Dach/Ioptenu ; 
the  pectoral  fins  are  short  in  the  young,  and  become  with 
age  80  long  as  to  serve  for  an  organ  of  flying  in  the  adult 

(Dactifhpterus), 

*  (L  In  some  species  of  Thi/rsites  and  Gempf/Ius  the  ventral  fin 
is  reduced  to  a  very  email  spiue,  wliich  in  the  young  is  very 
long,  nearly  half  as  long  as  the  head.  Sometimes  the  young 
has  ventral  fins^  whilst  they  are  entirely  absent  in  the  adult: 

Ji^tromateus. 

*  tf.  The  young  of  almost  all  the  Carangidm  have  the  pneoper- 
culum  armed,  like  a  Perooid :  this  bone  is  entirely  smooth  in  the 
niature  fishes.    The  same  in  Labrus. 

Some  fish  have  no  visible,  or  but  a  rudimentary,  spinous 
doraal  fin ;  this  fin  is  very  distinct  in  the  young :  Brama^  PiataXf 
8tromaUu9, 

*  g*  Large  prominences  of  the  skin  are  developed^  whidi  are 
absent  in  the  young :  Cyehptenu* 

*  K  Many  of  the  well-armed  Siktroids  have  the  osseous  carapace 
on  the  head  and  neck  more  or  less  covered  with  skin  in  early 

ago :  the  dorsal  and  pectoral  spines  are  more  feeble  in  the  young 

than  in  the  old.'  ^ 

There  are  few  iiclds  of  Natural  Illstorvthat  return  more  mate- 
rial  reward  for  scientific  labour  than  that  relating  to  the  generation 
and  irrowth  of  Fishes.  The  mercantile  value  of  the  Salmon, 
and  the  noro^sity  for  basing  laws  that  are  to  operate  in  it^ 
preservation  upon  a  knowledge  of  its  natural  history,  have  led  to 
interesting  observations  on  its  growth  and  migrations. 

Mr.  Shaw,'  observing  ova  spawned  on  January  10th,  no- 
ticed dark  eye-specks  and  some  movement  of  the  embryo  in 

*  Fur  the  abore  esamplcs  I  am  indebted  to  my  coUeagne,  Dr.  A.  Qunther. 

*CKX]T. 
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the  ovum  on  February  2()thj  tlint  is,  forty-eight  days  after  being 
deposited  ;  and  on  April  8th,  or  ninety  days  after  impregnation  of 
the  ova,  the  young  were  ex(  luded.  They  measured  Jths  of  an 
inch  in  length;  the  viirllicle  ])eing  ^ths  of  an  inch  in  length, 
oblong  in  form,  and  of  a  liglit  red  colour  :  the  tail  was  marj^ined 
like  that  of  the  tadpole,  with  a  continuous  fin  running  from  the 
dorsal  above  to  the  anal  beneath.  The  vitelline  sac  and  its  oon- 
tents  were  absorbed  by  May  30th,  or  in  about  fifty  days,  until 
which  time  the  young  fish  did  not  leave  the  gravel  of  the  hatch- 
ing-pond^  This  quiescent  state  in  their  place  of  concealment^  from 
the  period  of  exclusion  to  the  absorption  of  the  jolk,  seems  to 
be  common  to  Osseous  Fishes ;  but  the  tame  yariea  in  different 
species :  it  is  much  shorter  in  the  Tench,  Perch,  or  Pike,  for 
example,  than  in  the  Salmon.  When  the  young  Salmon  mea* 
sures  an  inch  in  leugtli,  the  vertical  fin  begins  to  diyide  itself  into 
the  dorsal,  adipose,  caudal  and  anal  fins ;  and  the  transverse  bars 
on  the  sides  of  the  body  make  their  appearance.  It  is  very  active, 
and  continues  in  the  shallows  of  its  native  stream  till  the  fol- 
lowing spring,  when  it  has  attained  the  length  of  from  three  to 
four  inches,  and  is  called  the  *  May-parr.*  In  this  state  the 
*  parr'  descend  into  dee])er  parts  of  the  river,  and  arc  believed  by 
Mr.  Shaw  to  remain  there  over  the  second  winter.  The  weaker 
ones  do  so,  but  the  stronger  fish  proceed  to  the  estuary  at 
once.  In  April,  the  caudal,  pectoral,  and  dorsal  fins  assume  a 
dusky  margin ;  the  lateral  bars  begin  to  be  concealed  by  a  silvery 
pigment ;  and  the  migratory  dress,  characteristic  of  the  stage 
called  '  smolt,'  is  assumed.  Such  fish  begin  in  April  and  May 
to  oongr^ate  in  shoals  and  to  migrate  seaward :  tiiey  return  in 
July  and  August,  of  a  size  proportionate  to  the  length  of 
their  stay  in  the  estuary.  A  smolt  may  not  exceed  two  ounces 
in  weight  when  it  goes  to  sea :  aflter  a  few  months  there  it  may 
liave  grown  to  a  'grilse*  of  eight  or  ten  pounds'  weight:  ^at 
two  years  and  eight  months  old  it  becomes  a  Salmon  of  from 
twelve  to  fifteen  pounds'  weight*  *  It  may  subsequently  acquu*e 
a  bulk  of  forty  pounds'  weight,  and  upwards. 

In  the  Syngnathus  acus  the  sexes  come  together  in  the  month 
of  April,  and  the  ova  pass  from  the  female  and  are  transferred 
into  ^e  subcaudal  pouch  of  the  male,  fig.  426,  n,  being  fecundated 
i7i  transiht,  and  the  valves  of  the  ponch  immediately  close  over 
them.  In  the  month  of  July  the  young,  ib.  o,  o,  are  hatched  and 
quit  the  pouch;  but  they  follow  their  father,  and  return  for  shelter 

'  cccxxT.  p.  120.  Experiincots  on  nmrkc-d  dnh  Iiavc  pruvcU  tliis  extraordinary 
rate  of  gvowtb.  ooonznr.  p.  57. 
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into  tKeir  nursery  when  danger  threatens.'    In  Syn^nathw 
ojpAtiiim  the  male  carries  the  e^^gs  under  the  flat  abdumen  in  cells 
,  _  i)laccd  leii«^th\vi6e  in  tliree  rows.*    In  the 

male  Hi])})ucauij)  the  mamipiiini  is  subeaii- 
dal,  opening  by  a  vertical  fissure  just  below 
the  vent.'  In  the  IfolroiKtti  the  youn^  ac- 
quire full  devolopcmcnt,  perfect  gills,  and  a 
size  one  third  that  of  iJie  parcnty  bef(»re 
quitting  the  ovarian  marsupiunu^ 

Both  Salmon  and  Trout  excavate  the 
gravelly  bed  which  they  select  for  spawning ; 
and  the  ova  may  be  found  from  one  to  two 
feet  deep  in  thia  atony  nesL  The  Stick- 
leback (Gasterotieu*  aeuleahu)  fidiricatea  a 
more  artificial  neat*  Aristotle  mgnaliaea  the 
Flnjcisy  since  recognised  as  a  Mediterranean 
species  of  GMuSi  as  the  only  searfish  that 
makes  a  nest  and  deposits  its  spawn  therein. 
Olivi  confinued  the  statement,  and  describes 
the  nest  as  being  coiapuscd  of  sea-weeds 
(algae  and  zostera),  addiivi^  that  the  lualc  i\A\ 
guards  the  female  during  the  act  of  oviptjsi- 
tion,  and  the  young  ixy  during  their  deve- 
lopement.^ 

Dr.  Hancock  has  observed  similar  halnts 
in  certain  fresh-water  Siluroid  Fishes  of  De- 
merara  called  *  Hassars/  which  belong  to  the 
genns  CaUichtl^st  the  Bound-headed  Haa- 
sar  forms  its  nest  of  grass ;  the  Flat4ieaded 
Hassar  of  leayes.  *  They  are  monogamooa : 
both  male  and  female  remain  by  the  side  of 
the  nest  till  the  spawn  is  hatched,  with  aa 
much  solicitude  as  a  hen  goards  her  eggs, 
and  they  courageously  attack  any  assailant* 
Hence  the  negroes  frequently  take  them 
by  jintting  their  hands  into  the  water  close 
to  tiie  nest ;  on  a^^itating  which,  the  male 
TTassar  springs  furiously  at  them,  and  ia 
thus  captured.'* 

§  117.  FecundatioH  of  Reptiles.  —  Sala- 
manders, Newts,  Frogs,  and  Toads  are  generally  apt  for  breeding 

'  Eokatroom  (1831 ),  qaoled  Id  xxxiz.  iL  p.  SS7. 

*  xx.  ToL  T.  p.  67,  prep.  no.  3!t;ty.  *  Ih.  no.  SS9a»  *  oocuzv. 

'  XXIII.  L  XiL  p.  6.  *  SOOXXTI.  p»  S44. 
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when  they  have  attained  their  third  year.  As  the  scas(  m  ( >f  impreg- 
nation approaches,  the  expansion  of  the  abdomen,  unle  ttered  by- 
costal  hoops,  becomes  enormous,  especially  in  the  females.  The 
nuptial  tints  are  assumed,  the  yellows  and  pinks  being  brightest. 
The  males  of  certain  Newto  acquire  the  dorsal  crest  and  a  broader 
tail^fin,  aiding  in  the  manoeuvres  required  for  the  internal  impreg- 
nation*   The  male  of  the  large  Warty-Newt  (TVtYoTt  cristatus)  in 
the  spriiig  aeason  seeks  tke  female  and  pursues  her,  vibrating  his 
tail  with  a  motion  like  that  of  crac^g  a  whip,  and,  with  a  rapid 
evolution  the  tumid  labia  of  the  cloaca  in  t^e  two  sexes  are 
brought  into  contact,  and  the  spermatozoa  get  access  to  the 
oviduct:  the  pair  sink  to  the  bottom.  The  Salanumdra  japonica 
of  Houttuyn  {SaL  unguiculata^  Schleg.)  at  this  season  has  a  claw 
on  each  digit  of  the  fore  limb.     The  male  Frog  aequircs  the 
dark-coloured  swelling  of  the  radial  digit  or  tliurnb,  by  wiiich 
he  is  better  able  to  retain  the  female  in  his  gra.sp  durinpc  the  long 
protracted  business  of  impregnation.    The  larynx  oi  the  Toads, 
and  especially  of  the  male  Pipa,  now  gains  ita  fullest  deveh)])c- 
ment  and  loudest  power  of  croak.    Lizards  and  Serpents  exhibit 
their  brightest  colours :  in  the  male  Constrictors  the  copulatory  anal 
hooks  become  conspicuous.    The  anal  scent^glands  are  in  active 
function  in  both  groups.    The  male  Crocodile,  like  certain  fishes, 
fights  for  the  female :  the  musky  odom*  emitted  by  the  submaxil- 
lary glands  pervades  their  haunts  at  this  time.    Many  Chelonia 
show  sexual  difference  of  form.  In  Laud-Tortoises  the  plastron  is 
concave  iu  the  male  and  iiat  in  the  fenude.   In  the  CmoitemoidtB 
the  fore  part  of  the  carapace  is  broader  iu  the  female,  and  the  tail 
is  longer  and  stronger  in  the  male,  which  has  also  a  patch  of 
rough  scales  between  the  thigh  and  leg,  not  present  in  the  female. 
In  ^e  TVhnyeidm  the  tail  extends  beyond  the  rim  of  the  shell  iu 
the  males  only :  it  is  a  mere  stump  in  the  females:  besides  this  differ- 
ence, the  male  oi  Tiioiu/x  (^Aspidoncctcs  spinifer) shows  a  slightly 
oval  lorin  ;  and  the  spines  along  the  front  margin,  and  the  tubercles 
behind  them  and  on  the  hind  part  of  the  carajmce,  are  less  pronii- 
nent.  In  Trimiyx  (  PIatf/pfltis)ferox  the  latter  character  is  reversed. 
In  the  Einvdians  tlie  body  of  tli«-  mrilp  is  iisually  flatter  and 
longer  than  in  the  iemale.    In  copulation  tlie  male  nnnints  on  the 
back  of  the  female :  Emys  picta  performs  the  act  when  seven 
years  of  age ;  the  female  does  not  begin  to  oviposit  before  her 
eleventh  year.    Additional  ova  are  developed  in  the  ovary  after 
the  first  copulation,  and  a  certain  number  of  those  already  formed 
begin  to  ac/^uire  a  larger  size,  and '  go  on  growing  for  four  successive 
years  before  they  are  laid:*  thus  the  species  is  enabled  to  lay 
annually  i^m  five  to  seven  eggs  aflier  it  has  reached  its  eleventh 
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year.'  ^  Although  the  Emydkns  Ibj  once  every  year,  soon  after  iJie 

period  of  copulation  in  the  spring,  the  coitus  is  repeated  a  second 
time  every  year  in  the  autumn,  shortly  before  the  species  return  to 
their  winter  quarters :  and  Agassiz  concludes  that  in  Emydiaii.s  '  a 
repetition  of  tlio  net  twice  every  year,  for  four  successive  years,  is 
necessary  to  determine  the  final  dev elopement  of  a  new  individual. 

§  118.  Oviposition  of  Reptiles. — T  do  not  know  particulars  of 
this  process  in  the  Perennibrancliiates.  Some  Newts  (^Tinton 
cristatuSf  e.  g.)  deposit  the  eggs  upon  aquatic  plants  (^Polygonum 
Persicaria^  e.  g.),  folding  the  leaf  by  means  of  the  hind  feet  in 
such  a  way  that  its  under  surface  is  turned  inward,  and  tJie  fold 
made  to  stick  by  the  adhesive  coating  of  the  egg  which  she  inserts 
in  the  fold*  Our  smaller  Newt  {Lissotriion  pundaius.  Bell)  &e> 
qnently  glues  the  egg  in  the  axilla  of  the  led** 

Oviposition  of  the  Frog  takes  place  during  the  sexual  embrace 
at  the  bottom  of  the  water :  as  each  egg  is  extruded,  it  is  ferdlised, 
and,  the  chorion  absorbing  water,  the  egg  acquires  a  diameter  oi 
about  three  lines,  the  coloured  vltellus  appearing  as  a  dot  in  the 
middle  of  the  transparent  jelly :  the  ova  adhere  together  in  a 
nukss,  and  this  is  usually  floated  to  the  suriuce  by  disengagement 
of  gas  in  the  substance  of  the  glaiiy  envelope. 

The  ova  are  excluded  under  similar  circnmstances  in  the  Toad; 
but  in  a  long;  8tr!Ti<r  nf  jolly,  Iti  wliirh  they  are  arrau«xed  alter- 
nately in  a  double  scries  ;  the  string  may  be  a  sixtli  of  an  inch  in 
diameter  and  from  three  to  four  feet  in  length.  In  the  obstetric 
Toad  (Alt/tes),  the  male  impregnates  in  water,  assists  in  the  exclu- 
sion of  the  eggs,  causes  them  to  adhere  to  his  own  hind  iega  by 
small  pedicles,  and  then  seeks  the  land :  only  when  embryonic 
developement  is  sufficiently  advanced  does  he  leave  bis  place  of 
concealment,  and  betake  himself  to  the  water  with  the  youi^  brood 
with  which  he  has  charged  bimsdiC  The  male  Fipa  is  asserted  to 
place  the  eggs  upon  the  back  of  the  female,  which  give  tbe  stimulus 
to  the  formation  of  the  cutaneous  cells  in  which  tiie  whole  course 
of  metamorphosis  is  completed,  fig.  367.  In  Opisthodelphys  and 
Nototrema,  the  ova  are  transferred  to  the  common  pouch  of  the 
dorsal  integument,  described  at  p.  o88. 

The  common  Kinged  Snake  (iVa/ru:  torquata)  excludes  the  eggs, 
sixteen  to  twenty  in  number,  connected  together  by  a  glutinous 
coating,  usually  in  some  fermenting  mass  of  decaying  organic 
iiKittt  wlioreby  they  are  often  trans])orted  and  spread  abroad  in 
the  manuring  of  fields  and  gardens.  The  Vijier  is  not  subject  to 
this  ovipositing  cause  of  dispersion,  and  the  confinement  to  a  limited 
locality  would  seem  to  be  the  condition  of  the  Tiviparity  of  most 

■  ooa  Part  iit.  p.  491.  *  coramt. 


Digitized  by  Google 


OVIPOSITION  OF  REPTILES. 


617 


or  all  poisonous  8cr[)ents.  It  affects,  however,  the  harmless  Slow- 
worm  (  Anguisfrarjilis)  and  nimble  Lizard  (Zootoca  vivipara),  both 
of  which  usually  produce  their  jouDg  alive.  An  American  Boa 
Constrictor  brought  forth  living  young,  and  also  eggs,  in  the  Zoolo- 
gical Gardens  of  Amsterdam.^  The  old  world  constricting  serpents 
would  seem  all  to  be  oviparous ;  but  instead  of  excluding  the  eggs 
where  they  would  have  the  advantage  of  eztrsneouB  heat,  they  are 
amnged  by  the  female  in  a  heap  around  which  she  coils  herself 
in  a  series  of  progressiTely  decreasing  spirals^  constituting  a 
pyramid  of  which  the  head  of  the  Python  forms  the  apex. 

The  fact  has  been  ohseryed  in  respect  to  species  of  Python  in 
India :  CoL  Abbott,  in  a  communication  on  this  subject  to  the 
liOndon  Zoological  Society,  states  that  the  incubation  lasted  more 
than  three  months.*  More  exact  observations  have  l)ccn  made  on 
captive  l*ythons.  In  the  Pi/thon  hivittatus,  in  the  '  Jardin  des 
Plantes,*  at  l^ii  is,  copulation  took  j)lace  on  the  22nd  of  January, 
and  the  act  wj^  often  repeated  until  the  end  of  February.  On 
the  5th  of  May,  the  female  excluded  fifteen  ei^jj^s,  ])ct\vecn  6  A.M. 
and  9*30  a.m.  The  c<r{^s  were  ail  separate,  of  an  clonn;atc  oval  at 
the  moment  of  exclusion,  with  a  flexible  greyish-coloured  shell : 
they  soon  swelled  into  an  elliptic  sha|)e,  both  ends  becoming  equal 
in  size,  and  the  shelly  as  it  dried,  became  hard  and  of  a  pure 
white.  The  temperature  of  the  female  augments  several  degrees 
above  that  of  the  surrounding  atmosphere,  and  is  very  sensible  to 
the  touch  when  she  has  disposed  herself  in  incubating  coils  about 
her  eggs*  Between  the  3rd  and  7th  of  July  the  eggs  were 
batched.  The  mother  did  not  eat  during  the  incubating  period, 
but  several  times  drank  wiUi  avidity  water  which  was  offered 
to  her«  indicative  of  a  sort  of  febrile  state.  The  heat  of  the  body 
gradually  fell  towards  the  end  of  incubation.' 

A  similar  phenomenon  in  the  case  of  a  Python  Seh(B  excited 
the  public  curiosity  at  the  Zoological  Gardens  of  Loudon  in  1861  ; 
the  temperature  of  the  body  rose  to  96°  Fahr.  between  the  incu- 
batiufj  coils.* 

The  Lavrrtit  (njilh  lays  her  eggs,  from  twelve  to  fourteen  in 
number,  in  lioliowH  which  she  prepares  in  the  sand,  and,  havinp^ 
deposited  the  eggs,  covers  them  with  sand,  and  leaves  them  to  be 
batched  by  solar  heat.  The  Iguana  oviposits  in  the  hollows  of  trees ; 
the  eggs,  about  forty  in  number,  are  oblong,  about  an  inch  in 
length.^  Most  of  the  Lacertilia  are  oviparous ;  but  the  details  as 
to  their  oviposition  are  scanty :  the  shell  is  slightly  calcareous. 

All  the  Chelonians  are  oviparous^  and  the  shell  is  calcified 

*  cccxxxvn,  p.  368.  *  lb.  p.  188.  *  ocozxit. 

*  ooonzm  p.  867.         *  ocozzxix. 
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aliiutijt  as  completely  as  in  the  bird,  though  in  moet  rctaiiiing 
some  tlexl])ility.  In  the  Painted  Tern^pin  (Emys  jncta  )  the  ova- 
nan  c  L^^3  do  not  show  much  difference  in  size  until  the  seventh 
year,  and  oviposition  does  not  begin  before  the  eleventh  year. 
Ag»iy«i«  is  of  opinion  tliat  all  American  Emydians  begin  to  lay 
eggs  from  the  eleventh  to  the  fourteentk  year^  when  individual 
giowtb  is  checked  and  proceeds  more  slowly.  Each  specieB 
makes  a  single  nest,  and  lays  the  eggs  of  that  season  at  one  tinie.^ 
£n^spieta  digs  with  the  hind  legs  a  perpendicular  bole  near  the 
stream  she  frequents^  and  may  repeat  the  operation  several  times 
before  selecting  one  as  fit  for  oviposition :  in  this  she  deposits 
from  five  to  seven  eggs.  The  &iapper  {Ckefydra serpentina)  exca- 
vates at  first  directly  downward  and  then  laterally^  making  the 
widest  part  of  the  hole  where  the  eggs  are  deposited  on  one  nde 
of  the  external  opening.  When  the  eggs  are  laid,  the  femide 
tramples  down  and  smooths  over  the  eartli,  so  that,  wlien  dry, 
the  place  is  hanUy  noticeable.  She  lays  from  twenty  to  forty, 
about  the  size  of  a  walnut.  Cinoattrmm  lays  only  from  three  to 
five  eggs.  Nanemrfs  ffuttata  is  usually  limited  to  two  or  three 
eggs.  Land  Tortoif^es  rarely  lay  more  than  tinir  or  five  e^^gs  at  a 
season,  and  make  the  nidamental  burrow  in  dry  ground.  The 
Gopher  (  Testudo  Carolina,  L.)  has  a  dwelling  burrow,  but  forms  a 
separate  cavity  near  its  mouth  for  oviposition:  in  this  the  female 
lays  five  eggs,  then  fills  the  nest  up  with  earth,  and  flattens  it 
down  smoothly  by  her  own  weight. 

The  TrionijcidcB  lay  from  twelve  to  twenty  eggs,  or  more,  of 
the  shape  and  size  of  a  musket-ball,  in  a  hole  in  the  sand  near  the 
waller's  edge.    The  shell  is  thick  and  brittle. 

The  Sea  Turtles  (  Chelone,  Sphar^)  are  the  most  prolific  of  the 
order.  They  oviposit  in  May  or  tiie  beginning  of  Jnne,  in  dry 
sand,  on  tiie  shore  above  high-water  mark.  The  female  selects  a 
still  moonlight  night,  when  her  senses  of  hearing  and  seeing  may 
best  avail  her  to  det-ect  an  enemy.  If  satisfied,  she  proceeds  to 
scoop  out  the  sand  wiUi  iier  hind  fins,  using  them  alternately,  and 
when  the  sand  has  accuniulated  bcKind  lier,  she  scatters  it  al)n>ad 
l)y  viulent  jerks  of  the  paddles;  a  hole  being  made  between  onr 
and  two  feet  in  depth,  the  eggs  are  dropped  in  one  l)y  one.  aiul 
disposed  in  regular  layers  to  the  nundtor  of  from  }50  to  200. 
The  period  of  the  entire  operation  may  be  hall  an  hour.  When 
concluded,  the  Turtle  scrapes  the  loose  sand  back  over  the  eggs, 
and  makes  the  surface  level  and  smooth.  She  then  retreats  to  the 
water,  and  leaves  the  hatching  of  the  eggs  to  the  heat  of  the  sand.' 

*  oca  Put  iii  p.  500.    *  Andubon,  quoted  in  cocxvn.  p.  4,  and  coa  Part  ii.  386. 
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The  Crocodilians,  like  the  Chelonians,  are  all  oviparous,  and 
the  process  of  oviposition  is  very  similar.  The  ejygs,  of  an  ellij)- 
tical  form  and  with  a  firm  calcareous  shell,  are  buried  on  the 
shore,  and  left  to  hatch  by  extrantous  heat. 

§  119.  Developement  of  Datravhia, — After  iiiipregriatlun  of  the 
batrachian  ovum  the  dark  or  gcnninal  \)Vivt  of  the  yolk  is  always 
uppermost,  and  its  central  point  may  be  defined  as  the  germinal 
pole.  Here  begins,  usually  about  three  hours  after  impr^nation 
in  the  Frog,  £g«  452,  a,  the  process  of  segmentation,^  by  a  fissure 
which  passes  in  a  determinate  direction  through  the  canal  of  the 
yolk,  dividing  it  into  two  ellipaoid  maaaes,  ib*  About  the  fifUi 
hour  a  second  cleft  appears,  near  the  point  where  the  first  com- 
menced, crossing  the  first  at  right  angles.  If  an  OYum  in  this  state 
be  firozen,  it  splits  into  four  segments  of  a  sphere,  flasores  next 
appear,  which,  in  relation  to  the  two  foregoing,  might  be  termed 
*  equatorial,*  but  with  varieties  exemplified  in  e,/,  ^,  fig.  452.  New 
'  meridional '  furrows  follow,  ib.  A,  crossed  again  by  other  ^  equa- 
torial '  ones,  until  the  surface  of  the  yolk  presents  the  form  of  a 
bljMikberry.  Further  subdivision  j)roceed3  to  siicli  an  extent  as  to 
render  the  surface  again  a])parcntly  smooth.  This  series  of  piicno- 
inena,  resulting  in  the  foi  uiatiun  of  the  germ-mass,  occupies  about 
twenty-four  hours,  or  less,  according  to  the  tcm|»LTature.  The 
fissures  at  their  first  appearance  show  minute  iincd  at  right  angles, 
indicative  of  the  moiecuhir  movements  causing  them.  After  the 
surface  of  the  yolk  has  resumed  its  smoothness  on  the  completion 
of  the  germ-mass,  peripheral  cells  become  filled  with  dark  pigment, 
and  constitute  a  general  *  cambium*  orouterinTestment,fig.428,a. 
At  the  point  where  the  formation  of  this  investment,  as  well  as  of 
the  germ-mass,  began,  an  eminence  appears  by  the  developement 
of  new  cells  beneath  the  inyestment,  which  loses  its  colour  at  this 
part,  indicating  the  first  rudiment  of  the  etpbiyo  as  an  oyal  clear 
spot,  divided  at  its  hinder  end  by  a  crescentic  fissure  irom  the 
contiguous  yolk,  and  with  its  anterior  end  sunk  therein.  The 
embryonal  cells,  as  they  accumulate,  assume  a  polyhedral  figure, 
and  tlieir  difierent  strata  are  seen  by  transTerse  sections.  The 
first  sui)crficlal  api)earance  of  the  embryo  is  an  oblong  rising, 

*  The  phenomenon  of  the  division  and  eubdivision  of  the  yolk  in  auitiials  was  first 
observed  by  Prcvost  und  Dumas  in  tbe  ovum  of  the  Frog  (Annalcii  des  Sciences 
Nat.  t.  ii.,  May  1824,  p.  112).  Fnu»  Baner^  in  the  Mine  year,  delineated  partially 
the  tame  important  phenoDeDOO,  in  the  beautiful  drawings  whi^  he  prepared  Uxt 
Sir  Ev.  Home  (occxvi.  pis.  v.  and  vi.);  but  his  employer  had  no  appreciation  or 
cnmpr»'heT!«inn  of  what  was  thus  shown  him.  Ikrgmaiin  detected,  in  1841,  the 
hyaline  nucleus  in  tbe  centre  of  each  snbdi vision  of  the  yolk ;  and  the  combioalion 
of  the  spennatised  cell  progeny  of  the  germinal  veaiele  with  other  elements  of  the 
jolk-mUtanoe  appears  to  be  a  neeessaiy  prolnde  to  segmentation. 
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largest  at  one  end,  and  impressed  by  a  slight  lonjritudinal  fissure. 
The  rudiments  of  the  neural  axis  are  first  reeognisable  in  the  two 
parallel  kjngitudinal  elevations  ('primitive  trace'  or  *  lamina? 
dorsales/  ib.  m,  n)  bordering  the  fissure.  Beneath  these  is  at  the 
same  time  forming  the  notochordal  mdiment  of  the  vertebral 
column,  ib.  c.  The  albuminous  principle  is  concentrated  in 
m,  the  gelatinona  one  in  c:  this  chemical  differentiation  does 
not  affect  n.  The  polyhedral  cells  extend  the  vertebral  layer 
on  each  side  of  the  'primitire  trace/  which  also  increases 
in  length:  the  neural  columns,  at  first  fiat  and  horizontal, 
rise  at  their  outer  margins,  approxinuite,  and  ultimately  unite 
above,  where  they  are  covered  by  the  peripheral  cell-layer,  a  i 
they  are  also  defended  by  the  nascent  neurapophyscs,  ib.  «• 
Meanwhile  the  *  animal '  layer  is  extending  laterally,  ib.  b,  beneath 

the  investing  membrane,  a ;  and  the  cephalic 
end  of  the  embryo  enlarges  and  raises  itself 
from  the  yolk-bed.  A  section  of  the  ovum 
just  prior  to  the  coalescence  of  the  *  laniinic 
dorsales  *  to  form  the  neural  axis,  as  in  fiij. 
428,  shows,  a,  the  dark  investing  membrane. 


428 


Section  of  jrulk  and  embtjo^ 


499 


or  *  cambium  : '  b,  the  musculo-tcgumentary 
layer,  inclosing  the  whole  yolk,  v;  m,  the 
my  clonal  columns :  c,  the  notochord ;  n,  the 
blastema,  in  which  cartilaginous  rudiments 
of  the  neurapophyses  begin;  h,  the  cavity, 
beneath  the  germ  due  to  solution  of  tibe 
yolkHEmbstance.  On  the  ventral  aspect  of  the  embryo  layers  of 
cells  haye  been  forming  two  parallel  ridges  projecting  into  the 
yolk ;  and  the  intermediate  space  is  converted  by  lique&ction  of 

cells  into  a  primitive  alimentary 
groove.  But  all  the  systems  and 
organs  for  the  support  of  the 
embryo  begin  to  be  develope<l 
after  the  main  basis  uf  the  neural 
and  vertebral  parts  has  been 
established. 

Figure  429,  A,  gives  a  view  of 
the  embryo  of  the  Frog  from 
the  dorsal  aspect,  showing  the 
myelonal  columns  at  the  period 
of  their  meeting  above  the  myelonal  canal  and  the  commencing 
encephalic  expansion,  the  extension  of  the  neuro-vertebral  tracts 
outward,  and  the  indication  of  haemal  arches  of  the  cephalic 


■iai>nro«tUMrroc;  oaExxmi. 
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segments.  In  the  cervical  constriction  begins  to  define  the 
head  firom  the  tnink :  the  complete  coalescence  of  the  myelonal 
tracts  obliterates  the  linear  trace  of  the  median  fnrrow,  and  the 

neurapophysial  rudiments  border  the  myelon.  The  embryo  and 
its  supporting  yolk-nuiss  are  separated  from  the  chorion  by  a  clear 
fluid ;  and  in  the  above-figured  stAges  of  developement  the  ciliated 
epithelium  begins  to  act  upon  the  fluid  in  the  direction  indicated 
by  the  arrows^  proceeding  backward  and  downward  along  the 
sides :  the  currentij  are  strongest  on  tlie  hajmal  arclicR,  from  which 
the  branchiie  arc  about  to  be  developed.  In  the  mass  of  em- 
bryonal cells  between  the  cephalic  enlargement  of  the  embryo 
and  the  joik,  the  heart,  fig.  431^  r,  is  formed,  which  becomes 
hollow,  and  pulsates  before  the  red  blood  appears;  when  the 
communication  with  the  system  of  yessels  is  established,  the 
heart  propels  blood,  at  first  pale  and  with  spherical  corpuscles, 
in  channels  formed  by  liquefaction  of  cells  in  the  blastema  of 
the  second  hasmal  arch ;  and  these  piimaiy  yascular  arches  esta- 
blish the  commimication  with  the  lon^ptu^nal  aortic  trunk  simi- 
larly formed  along  the  under  part  of  the  notochord.  The  blood 
returns  by  yenous  channels  along  the  yolk,  now  progressively 
becoming  inclosed  by  the  lateral  intestinal  plates,  and  the  ample 
circulation  is  complete. 

From  the  substance  around  the  vascular  arches  are  formed  as 
many  branchial  arches,  as  subordinate  developemeuts  from  the 
second  primary  haimal  or  visceral  arch; 
and  from  the   branchial  arches  are  ^30 
budded  the  succession  of  vascular  loops 
and  coextended  ciliated  integument, 
constituting  the  outer  gills  on  each 
side  of  the  batrachian  larva,  flg.  430. 
In  the  magnified  portion  of  the  gill,  c, 
the  arrows  indicate  the  direction  of  the 
ciliary  currents.    Soon  ai^r  the  ap- 
pearance of  the  heart,  and  of  the  arches 
which  encompass  the  primitive  bucco- 
branchial  cavity,  a  pericardium,  lined  ,      ,  ^ 

.  -       •xi    !•  1      11      •    *         J  J    Lmof  Frog;  A,ii»t.8Ue.  ooxxxrui. 

With  epithelial  cells,  is  formed  around 

the  heart    Between  the  oephalie  htemal  arches  interspaces  are 

opened,  communicating  with  the  bucco-branchial  cavity,  and  from 
one  of  these  the  budding  gills  begin  to  protrude. 

The  growth  of  the  neurovertcbral  axis  is  chiefly  lengthwise, 
and,  as  it  proceeds,  its  two  extremities  lift  tlicmsclves  above  the 
level  of  the  rest  of  the  germinal  basis ;  the  shorter  and  more 
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obtuse  as  the  head,  the  more  acute  and  long^er  free  part  as  the 
taiL  In  this  growth  the  amphibian  passes  from  a  state  in  which 
a  longitudinal  section  would  show  it  8upix>rted  by  a  spherical 
yolk,  to  tbat  represented  in  fig.  431,  in  which  the  TiteUiney  or 

'  hmuil/  portion  pre* 
Bents  a  scmioval  section, 
hvi  it  18  indoeed,  ms  in 
fig.  428,  by  llie  fanal 
prolongatkms  of  the  or- 
ganic kyer  fonniiig  llie 
abdominal  panetea,  a, 
,  _^     and  lined  by  the  'ma- 

Loogttadliialaefltlon.aB])fyo«<Pro«.  iXJOf,  ,      i  •  • 

cous    layer,  i :  this  be- 

comes  differentiated  as  the  tunics  of  the  alimentary  canal,  inclosing 
the  vitellus  as  the  ])rimary  contents  of  such  canal  in  all  Datrarhia. 
The  canal  now  communicates  with  the  bucco-branchkl  cavity  ; 
and  this  opens  externally  on  the  lower  part  of  the  head  by  a 
vertical  fiasure,  on  each  side  of  which  a  small  protuberance  buda 
out,  forming  a  special  organ  of  adhesion — a  pair  of  temporary 
cephalic  limbs.    A  pair  of  branchiie  budding  out  from  the  gill- 
aperture,  the  whole  yolk  being  now  closed  in  by  both  tlie  in- 
testinal and  cutaneous  layers,  and  the  tail  having  gained  its 
muscular  segments  and  cutaneous  border-fin,  the  little  tadpole, 
by  increasmg  vigour  of  its  moTements,  bursts  the  egg^neoH 
branes  and  comes  forth.    The  external  stimulus  which  most 
influences  this  stage  is  warmth.    In  Italy,  Busconi  observed 
the  eggs  of  the  Frog  to  be  hatched  in  four  days;  Bauer 
figures  one  extricating  itself,  in  a  warm  spring,  at  Kew,  after 
the  filtli  day:'  in  a  cold  spring,  it  may  be  i)rolonged  through 
four  weeks.     In  Ab/tcs  obsfrtriccuis,  the  developement  of  the 
*  mucouij'  layer  proceeds  to  form  a  convoluted  intestinal  canal 
before  *  extrication.'     In  Fojki  rsculcnta,  and  probably  other 
Frogs,  tlie  vegetative  organs  arc  later  in  devel(»pement,  and  the 
cavity,  fig.  431,  h  v,  has  not  assumed  the  intestinal  form  when 
the  embryo  quits  the  egg :  but  in  all  Batrachia  the  whole  yolk  is 
wanted  for  the  formation  of  their  long  spirally  wound  larval  gut 
Herein  is  a  differential  character  between  the  Batrachian  and  the 
Fish.   In  the  latter,  the  supply  for  the  mid-period  of  derelope- 
ment  is  received,  primarily,  fixnn  the  vascular  rather  than 
the  ^gestive  system,  and  a  part  only  of  the  yoDc  is  required  for 
the  formation  of  the  straight  and  shnple  intestinal  canaL  Ac- 
cordingly, the  mucous  layer,  as  in  the  diagram,  fig.  432,  t,  in 

'  cccxvi.  pi.  vi.,  fig.  1  • 
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farming  the  intestinal  etaul,  h,  exdudea  a  portion  of  the  jdk,  vz 
the  tegumentaiy  or  'fierons*  lay- 
er, a,  aooomponiea  the  'mucous' 

layer,  t,  in  the  process  of  severing 

tlic  vitelline  from  the  intestinal 
cavities,  and  an  outer  yulk,  or  *  vi- 
tellicle,'  rcMiltg. 

The  embryo  of  the  Frog  is  ex- 
tricated at  a  less  advanced  stage 
of  developemcnt  than  that  of  any 
other  vertebrate  animal:  the  neu- 
ral laminse  have  united  along  the  ^^onguudimu  «;ctton.  Embryo  of  rno,.  txxiv. 

trunk,  and  two  of  the  hasmal  arches  have  become  complete 
below  the  head,  hut,  in  other  parts*  the  neural  and  hwisl  canals 
are  dosed  only  by  the  corresponding  laroins  in  a  state  of  mem- 
brane* the  original  investing  membrane  of  the  yolk  being  retained 
over  alL 

After  extrication*  ihe  tadpole  rapidly  grows,  and  the  chief 
chai£ge  of  form  is  witnessed  in  the  gills:  each  of  the  two  lateral 

pills  puts  forth  four  plates,  which  have  vascular  and  richly  ciliated 
surfaces,  fig.  430,  c :  a  short  lulditioual  leaflet  is  sometimes  deve- 
loped from  the  base  of  the  hiiiJer  gill.  *  The  current  of  the 
blood  poured  in  regular  pulsations  at  eacli  contraction  of  the 
heart  passes  up  eacli  stem  or  main  branch  ot'  the  branchiae  and  a 
distinct  stream  is  given  off  to  each  leaf;  it  is  ])rojH  llcd  to  tlie 
extremity,  and  then  returns  down  the  opposite  sides  in  the  most 
regular  manner,  and  the  parts  are  so  transparent  that  every 
globule  of  blood  is  distinctly  and  beautifully  visible.'* 

The  first  cutaneous  mouth  is  defined  by  epidermal  jaws,  in  the 
form  of  a  very  short  transversely  extended  beak,  fig.  433*  ss*  sur^ 
rounded  by  a  lip  armed  with  minute  rasp-likc  denticles*  and  aided 
by  the  pair  of  cephalic  suckers  projecting  behind  the  mouth.  The 
wide  pharynx*  eommunicatmg  ahH>  wi^  the  outer  world  by  the 
lateral  branchial  slits*  is  extended  posteriorly  by  a  short  oosophagus 
to  a  simple  gastric  enlargement,  beyond  which  an  equally  simple 
intestinad  sac,  laden  with  the  remnant  of  the  vitellus,  gives  issue 
t*)  a  short  and  straiglit  rectum,  which  is  continued  to  the  long 
togiuueutary  and  transitory  cloacal  canal  at  the  fore-part  of  the 
«nbcaudal  fin.  The  contained  yolk,  fig.  431 ,  hv,  is  not,  as  in  Fishes, 
fig.  432,  tJ,  a  mere  *  food-yolk:'  it  is  part  of  the  germ-mass,  and 
consists  of  the  embryonal  cells,  with  their  nutritious  oil-globules. 
Whilst*  therefore*  it  serves  to  nourish  the  growing  embryo*  it  also 

*  cooKvn.  pb  101. 
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contluues  to  be  the  seat  of  progressing  developement,  and  coll 
after  coil  of  intestine  is  fonneH  between  the  duodenum  before, 
and  the  rectum  behind  the  primitive  simple  vitelline  sac,  the 
coils  being  disposed  in  a  close  double  spiral,  fig.  433,  /.  Tlius, 
the  fully  developed  larva  is  provided  with  an  alimentary  canal. 


433 


Dlagmn  of  the  uiAtomr  ot  the  Tadpole. 

adapted,  by  its  length  and  complexity,  for  the  assimilation 
of  the  decaying  vegetable  matters  which  chiefly  constitute  its 
food.  In  the  conversion  of  this  digestive  apparatus  into  that 
of  the  purely  carnivorous  Frog,  the  horny  cutaneous  beak  is 
changed  into  a  wide  mouth  formed  by  well-ossified  jaws,  the 
lower  one  armed  with  sharp  teeth.  The  branchial  pharynx  is 
contracted  and  closed  at  the  sides,  except  where  it  communicates 

with  the  ears.    The  ojsopha- 

434 

gus  and  stomach  are  elong- 
ated ;  the  intestine  is  marvel- 
lously sliortened ;  the  rectum 
contracts,  and  is  found  to 
open,  after  the  absoq)tion  of 
the  tail  and  cutaneous  anal 
fold,  just  in  front  of  the 
I*  symphysis  pubis,  now  com- 
pleted by  the  developement 
of  the  hind  limbs.  Whilst 
the  heart,  as  a  bent  tube,  fig. 
434, y,  sends  off  the  branchial 
arteries  from  its  fore  part,  it 
is  connected  behind  with  ves- 
sels ramifying  on  the  vitel- 
licle,  ib.,  h :  a  portion  of  this 
is  soon  seen  to  be  marked 
off  from  the  rest,  as  the 
basis  of  the  future  liver  and  pancreas. 

'  CCCXXVIII. 


Tadpole  of  Toail,  cxxil. 
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The  embrvonal  cells  that  lay  the  foundation  of  these  glancU, 
fig,  434,  e,  are  .^iuiatcd  in  the  angle  between  the  intestinal  yolk- 
mass,  ib.  bf  and  the  stomach,  ib.  c ;  noL  behind  it,  as  in  Fishes, 
fig.  435.  They  form  a  hollow  gland  or  rpncum  with  a  wall  of  com- 
pacted cells;  and,  after  n  coiamunication  has  been  established  with 
the  gut,  other  cavities  or  c^ca  pullulate  in  the  cell-blastema,  and 
the  liver  becomes  conspicuous.  *  Nowhere,*  says  Beiohert, '  is  the 
new  generation  of  cells  within  parent- cells  bo  obvious  as  in  the 
hlastenw  of  the  liver  and  pancreas.'  ^  The  primordial  kidneys,  or 
de-azotising  organs,  have  now  begun  to  be  developed  between 
the  aorta  and  the  intestinal  plates^  and  the  ducts  of  these, 
together  with  the  anal  prolongation  of  the  intestinal  tube,  open 
upon  the  temporary  t^umentary  vent.  In  the  Tadpole,  as  in  a 
"FitAk,  the  mouth  is  destitute  of  tongue,  but  at  the  entrance  of  the 
mouth  over  the  lips  we  find  among  tiie  cartilaginous  teeth  at 
that  region  numerous  conical-shaped  bodies.  These  labial  papilla) 
consist  of  an  external  border  of  prismatic  epithelial  cells  provided 
with  cilia.  The  tongue  makes  its  ap])earance  when  the  fore  limbs, 
fig.  433,  54,  o5,  are  evolved.  The  habits  now  alter:  the  Tadjxjle 
no  longer  feeds  on  decompo^^in'j  substances,  and  cannot  live  long 
immersed  in  water.  As  the  tail  of  the  Tadpole  atrophies,  the 
fungiform  papillae  appear  upon  the  nascent  tongue,  increase  in 
size,  imd  acquire  the  permanent  complex  form. 

Soon  after  the  external  gills  have  reached  their  full  develope- 
ment,  they  begin  to  shrink,  and  finally  disappear;  but  the 
branchial  circulation  is  maintained  some  time  longer  upon  the 
internal  (pSlB  (p.  516,  fig.  345) ;  these  consist  of  numerous  short 
tuft-like  processes  from  the  membrane  eovering  the  cartilaginous 
branchial  arches,  fig.  433,  47:  they  are  protected  by  the  growth 
of  a  membranous  gill-cover,  which,  as  the  external  branchiiB  are 
absorbed,  leaves  only  one  small  external  orifice,  by  which  the 
braiiehial  ytrcams  admitted  by  the  mouth  continue  to  be  expelled. 
This  orifice  may  be  very  plainly  seen  like  a  crescentic  cicatrix, 
a  little  behind  and  below  the  left  eye,  in  the  larva  uf  the  Eana 
parndoTa.'* 

The  chief  distinction  between  the  fuliy  il(  veloped  branchial 
circulation  in  the  i3atrachian  larva  and  that  of  the  Fish  consists  in 
the  presence  of  small  anastomosing  channels,  between  the  branchial 
artery  and  vein  of  each  gill,  proximad  of  the  ^\\\  itself. 

The  part  which  these  anastomoses  play  will  be  understood  by 
the  following  description  and  figures  of  the  vascular  transformation 
as  observed  in  the  Newt.   When  the  gills  are  in  fuJH  developement 

■  cocxxvm.  *  JX,  ToL  t.  p.  77,  preps,  noi.  8986-8S67,  a. 
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and  aotiyitjyihe  priiid|Ml  dzcnktoig  veflsek  present  the  amnge- 
ment  shown  in  fig*  435. 

The  vessel,  ib.  4,  originally  distinot  and  large  before  the  dcve- 
bponent  of  the  gilb,  is  now  very  small,  and  so  close  to  the 
origin  of  8  as  to  appear  to  be  its  first  branch :  it  anastomoses 
witii  the  branch  21  from  the  aortal  root  of  ita  own  side,  and 
proceeds  to  the  nascent  lung  19.    The  artery  3  supplies  the  liind- 

most  gill,   and  distri- 
butes  its  branches  to 
the   several  branchial 
leaflets,  5,  where  they  are 
resolved  into  the  cil- 
iary network,  fig.  343, 
p.  514 ;  llie  blood  is  re- 
turned by  the  branchial 
vdns,  fig.  435, 7, 8,  to  the 
trank  9,  wluoh  at  le  joins 
the  corresponding  vei  n  of 
the  middle  gill  to  form 
the  aortal  root  or  arch  of 
that  side  :  this  receives 
the  anastomosincT  vessel  13,  from  the  branchial  vein  of  the  first  gill, 
and  tlien  sends  ofV  tlie  accessory  origin,  21,  of  the  pulmonary  arterj', 
19.    The  third  primary  vascular  arch,  2,  is  the  branchial  artery  of 
the  middle  gill :  it  cfiects  a  small  anastomotic  communication,  14, 
with  the  vein  of  the  gill  before  proceeding  to  expend  itself  npon  the 
branchial  lamellie,  6 ;  the  returning  trunk,  9,  after  receiving  the 
anastomotic  twig,  i4,  joins  the  vein,  is,  of  the  third  gill  to  form 
the  aortic  arch.   The  foremost  primary  vascular  arch,  i«  before 
going  to  the  first  gill,  anastomoses  by  a  small  channel,  6,  with  the 
vein,  9,  of  that  gill ;  which  vein,  after  the  above  anastomosis, 
sends  off  the  vessel  11  to  the  head:  before  the  anaatomoeis  it 
passes  back  and  divides  into  the  vessel  13,  joining  Ihe  beginning 
of  the  aortal  arch,  and  the  recurrent  branch  is,  which  also  conveys 
artcriallsed  blood  to  the  head. 

As  al)S()rption  of  the  branchije  proceeds  in  the  progressing 
metamorphosis,  the  following  changes  are  observed  in  the  above 
described  vessels,  fig.  43G  :  the  anastomosing  channel,  5,  between 
the  roots  of  thv  artery  and  vein  of  the  first  gill,  dilates  as  the  cir- 
culation through  that  gill  is  checked,  and  sends  more  blood  into 
the  artery  11,  into  the  anastomotic  channel  13,  and  into  the  artery 
1 3.  In  like  manner  the  blood  of  the  second  gill  begins  to  ])e  diverted 
by  the  anastomotio  channel  as  its  base  leading  to  16,  which  assumes 


4S5 


■miAliaelfcalttlon;  ItfvalRewtdVNpiD.  <wumnt. 


Digitized  by  GoogI ! 


.1 


DEV£LOf£MENT  OF  BATKACHIA. 


627^ 


4M 


BnMUalclrenlatlob  daring  nbaonittoii  of  giiU;  Urral 


a  size  that  gives  it  the  character  of  the  aortic  arch.  The  pul« 
monary  vessel,  4,  now 
equals  in  size  the  tnmk, 
9,  of  which  it  was  a 
branch ;  and  it  exceeds 
the  tributary  21. 

With  the  total  disap- 
pearance <s£  the  gills  the 
blood  of  the  foremost 
Tasculsr  arch  is  carried 
into  the  two  chief  ar* 
teries  of  the  head,  fig. 
437,12,18;  either  directly, 
or  by  the  transformation 
of  the  anastomotic  channel  into  a  recurrent  origin  of  one  of  these  : 
it  is  thus  converted  into  the  carotid  arteries.  In  higher  Reptiles 
the  origins  of  1,  are  blended  or  produced  into  a  common  trunk 
of  the  carotids. 

The  next  vascular  arch,  2,  2,  is  now  transformed  into  the  right 
and  left  arch  of  the  aorta,  by  the  enlaigement  of  the  anastomotic 
channel  14,  fig.  435;  with  changes  in  length  and  position  by  which 
it  gives  off  the  cutaneous  artery  of  the  neck^  15.  The  tributary,  si, 
to  the  pulmonary  artery,  4-19,  is  now  shortened,  and  transverse  in 
position :  in  Id^er  Bq>tile8  it  is  still  more  shortened,  and  finally 
obliterated  as  tiie '  dnctns  arteriosus '  on  each  side.  The  orbital 
artery,  is,  fig.  436,  and  11,  fig.  437,  continues  to  be  sent  off  fiom 
the  aortic  ardi. 

The  first  or  hindmost  of  the  primitive  vascular  arches  is  now 
converted  into  the  pulmonary  artery, 
and  the  blood  which  was  transmitted 
by  3, figs. 435  and  430,  is  now  diverted 
from  the  largest  of  the  gills  to  the 
lungs. 

The  blastema,  which  lavs  the  foun- 
dation  of  the  lungs,  is  situated  behind 
and  at  the  sides  of  the  fore  part  of 
the  alimentary  canal,  where  it  enters 
the  bucco-branchial  cavi^.  The 
lungs  begin  to  be  formed  as  soon  as 
the  intestine  behind  has  taken  on  its 
first  sigmoid  curvature.  They  are 
not  developed  from  the  alimentary 
canal,  but  communicate  with  it  soon  after  the  establishment 
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of  the  respiratory  cavity  in  their  primitive  and  independent 
blj^tcma :  tlicii  communicating  duct  advances  with  the  ehmga- 
tion  of  the  oesophagus,  and  at  the  point  of  its  conunuui cation 
there witli  the  larynx  is  ultimately  developed.  The  luiicTS  thero- 
Belvcri  extend,  an  simple  eloncrated  sacs  slightly  reticulated  nji  the 
inner  siirfare,  ba<.k\vard  into  the  abdominal  cavity.  These  reeep- 
tacles  arc  no  sooner  i(>nned  than  the  larva  rises  to  the  suriaec 
and  BwallowB  air,  which  passes  into  and  expands  the  prepared 
cavity.  When  the  pulmonary  respiration  has  regularly  begun,  the 
fore-limbs  are  liberated  from  the  branchial  chamber,  which  now 
begisa  rapidly  to  contract  its  dimensions,  and  to  be  completely 
partitioned  off  from  the  abdominal  cavity  with  which  it  had  pre- 
viously communicated. 

The  changes  in  the  hyo-brandiial  appaxatiUj  accompanying 
those  of  the  breathing  organs*  are  defined  at  p.  90,  and  illustrated 
in  figs*  69-71  and  74.  The  developement  of  the  vertebne  is 
attended  with  the  conversion  of  biconcave  into  cup-and-ball 
joints,  by  ossification  of  the  substance  of  the  cavities,  a,  fig.  433, 
and  its  coalescence  either  with  the  fore  (Pipa)  or  back  {  Bana) 
part  of  the  centnim,  c  The  chief  facts  in  the  formation  of  the 
skull  ai*e  stated  at  p.  86,  figs.  68-71. 

About  the  middle  j)eriod  of  aquatic  life,  the  true  or  permanent 
kidney?  begin  to  l)o  formed  from  and  upon  the  ])rimordial  ones  ; 
and  the  basis  of  the  ovaria,  or  testes,  may  now  be  discerned.  The 
oviduct  is  soon  distinct  from  the  ureter  ;  but  the  testes  retain  the 
same  ezcretoxy  duct  as  the  kidneys :  their  vasa  deferentia  com- 
municate with  retained  ceca  of  the  primordial  kidneys  before 
penetrating  the  later  glands :  the  upper  or  anterior  ends  of  the 
first  remain  for  some  time  behind  the  heart 

In  the  often-quoted  experiments  of  Edwards,*  it  is  not  clearly 
shown  that  the  Tadpoles  of  the  Frogs  were  constantly  supplied 
with  proper  temperature  and  food,  and  therefore  it  is  not  satisfiuv- 
torily  proved  that  the  arrest  of  the  metamorphosis  was  due  solely 
to  Uie  absence  of  light.  Mere  absence  or  diminution  of  this 
fitimulufi  docs  not  in  all  cases  check  the  progress  of  the  tadpole  to 
the  Frog-state.  Ova  of  a  Frog,  depoisited  on  March  11,  were 
placed  in  a  vessel  covered  with  six  or  eight  folds  of  hlar]^  irlazed 
calico  in  a  dark  part  of  a  room,  but  in  a  temperature  of  from  55°  to 
65*^  Fahrenheit,  and  supplied  with  proper  food.'  The  lan'ic  were 
hatched  f»n  March  20 ;  attained  the  length  of  an  inch  on  May  1,  fig. 
438 ;  had  pushed  out  their  hind-legs,  fig.  439,  on  May  10,  and 
their  fore-legs,  fig.  440,  on  May  16 :  the  tail  b^an  to  be  absorbed 
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at  that  date«  was  reduced  to  a  Btump,  fig.  44 1,  on  the  18th^  and  was 
removed  by  May  20 ;  the  metamorphoais  being  fiilly  completed,  as 
in  fig.  442,  in  all  Uie  tadpoles  by  May  22. 


Bipedal  lMpol«.  Towf  Wnf. 
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The  finriiros  438  to  441  illustrate  the  chief  outward  chanfres  which 
accompany  the  batrachian  metamorphosis,  as  exem})lified  in  Rancu 

In  B^fo  the  tadpole  is  smaller  and  blacker  in  all  the  stages  of 
growth  and  metamorphosis.  In  both  genera  of  Anourans  the 
growth  is  greatest  at  the  phase  figured  in  439  ;  with  the  subse- 
quent phases  the  bulk  of  the  body  is  diminished:  and  this  is 
remarkably  the  case  in  the  Rana  paradoxa. 

In  the  Newts  (  Triion)  the  gills  are  in  three  pairs,  larger  and 
more  complex  than  in  the  Frog:  the  fore-limbs  are  the  first  to 
emerge,  and  the  gills  persist  long  after  the  hind-limbs  are  deye- 
lopcd.  If  late  hatched  and  in  a  cold  season,  the  ^11  Is  may  be  re- 
tained through  the  ensuing  winter:  they  are  absorbed  before  the 
next  breeding  season  comes  on. 

Much  ingtnious  conjecture  has  been  expended  on  the  influence 
of  external  ciK  iuiis^tances  and  internal  volitions  and  efforts  durin<x 
the  struggles  for  existence  in  the  origin  of  species  by  progii.^oive 
transmutation ;  and  tlieir  succession  on  this  planet  has  been 
speculatively  assigned  to  such  causes.  In  the  metamorphoses  of 
the  Batrachia  we  seem  to  have  such  process  carried  on  before  our 
eyes  to  its  extremest  extent.  Not  merely  is  one  specific  form 
changed  to  another  of  the  same  genus ;  not  merely  is  one  generic 
modification  of  an  order  snbstituted  for  another ;  the  transmu- 
tation is  not  even  limited  by  passbg  from  one  order  (Urodeld)  to 
another  (^Anaurfi) :  it  affects  a  transition  from  class  to  class.  The 
Fish  becomes  the  Frog ;  the  aquatic  animal  changes  to  the  terres^ 
trial  one ;  the  water-breather  becomes  the  air-breather ;  an  insect 
diet  is  substituted  for  a  vegetable  one.  And  these  changes,  more- 
over, proceed  gradually,  continuously,  and  without  any  interruption 
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of  active  life.  The  larva  having  started  into  indepcnJent  cx- 
isteiu  r  a-  a  li-li,  <1(h^  liut  relapse  into  llie  [las-ive  torpor  of  tlic 
ovum,  to  leave  the  organisinf^  energies  to  €onij)lete  their  work 
untroubled  by  the  play  of  the  parts  they  are  to  transmute,  but 
step  by  step  each  organ  is  modified,  and  the  behaviour  of  the 
animal  and  its  life-sphere  are  ^e  consequence^  not  the  cause,  of 
the  changes. 

The  external  gills  are  not  dried  and  shrivelled  by  exposure  to 
the  air,  nor  does  the  larva  gain  its  lungs  by  efforts  to  change  its 
element  and  inhale  a  new  respiratory  medium.  The  beak  is 
shed,  the  jaws  and  tongue  are  developed,  and  the  gut  shortened^ 
before  the  young  Frog  is  in  a  condition  to  catch  a  single  flj. 
The  embryo  acquires  the  breathing  and  locomotiye  organs — 
gills  and  compressed  tail — while  imprisoned  in  the  ovum;  and 
the  tadpole  ol)tain.s  its  lungs  and  land-limbs  while  a  denizen  of 
the  pool :  action  and  reaction  between  the  germ  and  the  gela- 
tinous atmosphere  of  the  yolk,  or  between  the  larva  and  its 
aqueous  atniuspherc,  have  no  part  in  these  transumtation-.  The 
Bntrarhian  is  coinpolied  to  a  new  sphere  of  life  by  antecedent 
obliterations,  absorptions,  and  dcvelopemeuts,  in  which  external 
influences  and  internal  efforts  have  no  share. 

The  phenomena  of  batrachian  metamorphosiB,  that  each  spring 
are  observable  wherever  there  is  a  pool  of  water  in  a  green  field 
of  England,  are  amongst  the  most  suggestive  and  instructive 
which  the  animal  economy  alfords. 

§  120.  Devehpemeni  €f  Sealed  Bepiiles. — From  the  di£ferenoe  in 
the  structure  of  the  ovum  in  the  scaled  and  naked  Reptiles,  the  pfo- 
portion  of  the  food-yolk  to  the  germ-yolk  is  much  greater  in  the 
former,  and  the  formation  of  a  germ-mass  by  the  diffiimve  pcooess 
of  enocesnve  fissions  is  restricted  to  a  smaller  proportion  of  the 
ovum  than  in  Fishes.  The  formation  of  the  embryonic  trace  closely 
resembles  that  in  the  Fish  and  Froix  ;  but,  instead  of  rising  above 
the  yolk-ball,  the  embryo  sinks  into  it ;  first  by  the  head,  which, 
as  it  plunges  in,  gets  covered  by  a  fobi  or  liood  of  the  'serous  '  or 
outer  embryonal  cell-layer,  drawn  progressively  over  the  body 
imtil  it  is  sheathed  to  beyond  the  heart;  thru  tlio  tail,  bentling 
down,  acquires  a  caudal  sheath  ;  and  the  rest  of  the  trunk  sinking, 
the  margins  of  the  serous  bed  are  produced  over  it  continuously 
with  the  bodies  of  the  cephalic  and  caudal  sheaths,  contracting 
concentrically  until  the  whole  embryo  is  inclosed  in  a  *  serous  *  bag, 
reflected,  as  it  seems,  from  the  umbilicus,  and  thus  the  '  amnios,^ 
fig.  445,  a,  is  constituted.  The  embryo  being  imprisoned  in  tho 
serum  of  this  bag,  branchisa  could  not  act,  and  are  not  developed ; 
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but  a  temporaiy  aLr-breathin£?  orgau  is  siibstituied  to  remove  the 
carbon  as  the  organic  machiue  becomes  more  complex,  and  its 
actions  more  vigorous  and  various.  From  the  fore-part  of  the 
cloaca  a  vesicle  ia  protxaded  which  elongates,  escapes  by  the  lun* 
biliooB,  8iid»canying  aLoDg  with  it  blood-vessels,  applies  their 
ramificatioiis  to  the  inner  side  of  the  shell :  this  is  the  '  allantoiB/ 
figs.  445  and  450,  h. 

On  the  part  of  the  yolk  supporting  tibe  embryo  blood-ohannels 
appear  which  form  a  circular  canal  cslled '  vena  terminalis ;  *  it 
bends  towards  the  embryo  at  the  part  near  the  head,  and  passes 
through  the  opening  of  the  cephalic  hood  to  a  transverse  canal, 

*  Tena  afferens/ behind  the  heart:  this  is  now  an  obliquely  bent  tube, 
which  pulsates  and  sends  die  circulating  fluid  to  a  dorsal  yessel, 
which  Boon  distributes  vessels,  right  and  left,  in  the  ahdoniiual 
region  to  the  '  vena  terminalis,'  towards  which  numerous  chan- 
nels ])as8  from  the  included  space,  fig.  450,  c,  the  whole  now 
iui  liiiug  the  '  area  vasculosa  *  ui>on  the  yolk.  The  fluid  first 
circulated  in  this  system  of  cliannels  is  pale  plasma  with  granules.* 
The  first  fircidation  iti  an  amniotic  embryo  may  be  described  as 
passing  from  the  heart-tube  by  vascular  arches  to  the  *  dorsal 
artery,'  which  supplies  the  parts  of  the  embryo,  and  sends  *  om- 
phalo-meseraic '  branches  to  the  '  area  vasculosa,'  from  the  '  yena 
terminalis* of  which  area  the  blood  returns  by  the  'vena  aflPerens ' 
to  the  heart.  The  dorsal  artery  bifurcates  posteriorly,  and  returns 
along  the  abdomen  as  lite  *  Tenis  cardinales : '  the  arteries  to  the 
head  also  return  as  *  precayal  yeins,'  and  all  these  terminate  in 
the  'yena  afferens.'  Dilatations  of  the  heart-tube  indicate  a 
yentride,  fig.  443,  a,  and  a  *  bulbus  arteriosus,  ib.  & : '  the  latter  is 
more  prominent  at  first.  An  auricular  dilatation  behind  the  yen-* 
tride  next  appears.  A  protuberance  in  adyance  of  the  caudal 
curvature  is  formed  by  what  soon  is  recognisable  as  a  hollow  sac, 
ib.  d\  wbicli,  as  it  expands,  carries  witli  it  branches  from  the 
dorsal  artery :  these  are  the  *  umbilical '  or  '  allautoic '  arteries, 
fig.  450,  iy  which  convey,  as  the  bag  protrudes  and  expands,  part 
of  tlie  circulation  to  receive  the  influence  of  the  air  through  the 
pores  of  the  shell ;  and,  the  Mood  returning  by  the  '  umbilical '  or 

*  allantoic  veins,'  a  subsidiary  circuhition  to  the  vitelline,  ib.  c,  is 
established,  analogous  to  the  branchial  one  of  Batrachians  and 
Fishes.  The  blood  has  now  become  red,  and  of  shades  indicating 
its  arterial  and  yenous  conditions.  The  blood-corpuscles,  at  first 
globular,  become  slightly  flattened,  but  the  discs  are  circular  be- 
fbre  acquiring  their  elliptical  form.'    The  omphalo-mesenteric 

*  HQDt«r»  OOLSDL  (1 794)  p.  45,  and     vol    pb  xxlv. 

*  When  the  heart  begina  to  loae  ita  tnbnlar  diape  the  Uood-parlidea  are  ininnte 
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arteries  divcrf^e  from  a  common  trunk,  and  the  venous  channels 
become  more  coiicentrated  towards  the  heart.    A  v< nous  siiiu>. 
formed  behind  the  auricle,  and  this  is  divided  by  a  valvular  stnio- 
ture  from  the  ventricle,  which  now  is  larger  than  the  bulbus. 

The  changes  of  the  primitive  vascular  arches  into  the  arterial 
trunks  arising  from  the  adult  heart  are  effected  more  speed ily  and 
directly  in  allantoic  KeptileB  than  in  Batrachia,  pp.  619,  520, 
because  no  bianchial  organs  and  yeasels  are  developed :  sndi  spe- 
cial respiratory  apparatus  for  a  .  temporary  aquatic  existence  u 
interposied  in  Uie  anallantoic  spedes^  and  interrupts,  so  to  Bpetk, 
the  course  of  the  transformation  which  is  now  to  be  described. 

The  primitive  distribution  of  blood  from  the  'bulbus*  of  the 
embryonal  heart  in '  Vertebrates '  is  by  a  series  of  symmetrical 
arches  on  each  side  the  alimentary  canal,  dorsad  of  which  those 
loops  or  arches  unite  to  form  or  join  the  aortic  trunk:  they  relate 
to  the  primitive  se<]^ental  character  of  the  eml)ryo,  co-existing 
with  maxilhu  V,  numdihular,  hydicL-an,  and  scapular  segments,  all 
of  which  at  this  period  iire  unclosed  arches  on  the  sternal  aspect 
of  tlie  fore-part  of  the  body. 

The  lour  or  five  j^rimitive  vascular  arches  have  no  essential 
relation  to  gills,  any  more  than  the  clefts  or  depressions  between 
the  budding  piers  of  the  maxiUaryi  fig.  444,  a,  mandibular,  ib. 
and  hyoidean,  ib.  e,  arches  are  necessarily  the  precursors  of  the 
brancliial  openings.  Both  primary  structures  esdst  in  the  embryo 
of  those  vertebrate  classes  that  never  possess  the  true  branchial 
organs:  these  are  superadded  developements  upon  tlie  common 
segmental  type  of  pleurapophysial  and  pleurarterial  parts,  which 
developements  are  peculiar  to  Fishes  and  Batrachians,  persisting 
in  the  first,  and  vanishing  in  most  of  the  latter  Vertebrates. 
Of  the  three  vascular  arches  on  each  side  by  which  tJie  blood 
passed  from  the  bulbus  to  the  dorsal  vessel,  the  hindmost  are 
progressively  converted,  with  the  growth  of  the  lungs,  into  the 
'pulmonary  arteries,'  each  retaiiuiig  a  connection  with  Uie  second 
pair  of  vascular  arches;  the  third,  or  anterior  pair,  with  the 
developement  of  the  head  and  fore-limbs,  in  lilu  inaniu  r  become 
diverted  to  their  exclusive  service,  but  for  a  time  retain  a  con* 

transparent  globukr  cellg,  with  a  large  granulated  nndctis  (mcsoblast,  Ag.).  attached 
to  tbe  walL  *  Bj  the  application  of  water  the  nncleiit  bante  and  the  whole  granular 
Gonteatt  come  cat,  but  still  retain  their  globniar  state  and  appear  to  have  a  nemhraae 

aboot  them.  From  thh  it  wmild  appear  that  the  apparently  granular  contents  of  the 
mcsoblast  constitute,  in  reality,  an  rntnhlj^cf  (nnclcolns),  which  fills  the  rncsohlast.' 
The  flat  elliptic  form  is  not  attained  until  very  late.  The  mesoblast  is  faint  and 
homogeneona  to  within  a  diorttilM  before  extrication  of  the  turtle:  in  tbe  adult  it 
eontaint  a  datlcer  entoUaet  ooa  p.  817. 
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nection  with  the  mid-pair,  as  ehown  in  fig.  332,  p.  504,  at  A. 
The  returning  blood  from  the  expanding  lungs  leads  to  the  deve- 
lopement  of  a  distinct  chamber  in  the  auricle^  which  finally  be- 
comes the  left  auricle.  Partitions  in  the  hnlbus  arteriosus  effect 
a  distinct  communication  of  the  pulmonary  arteries  with  the 
yentriole,  and  a  dirision  of  what  now  becomes '  aorta '  into  two 
trunks.  Of  these  one  is  appropriated  to  the  left  of  the  primitive 
pair  of  middle  arches ;  the  other  becomes  the  trunk  of  the  right 
arch  of  that  ]mlr,  and  also  of  ihe  anterior  pair  in  course  of  change 
into  brachial  and  carotid  arteries.  The  '  ductus  artcriosi,'  between 
the  anterior  and  iiiidUle  arches  (fig.  332,  Aj,  are  usually  absorbed 
(as  at  D,  fi<7.  334)  :  those  between  the  posterior  and  middle  arches 
(p,  fipr.  335)  are  longer  retained  through  the  same  course  of  change. 
Th(  trunk,  which  gives  off  the  carotids  either  exclusively  or  in 
common  with  the  brachials,  is  posterior  in  Reptiles  to  the  trunk 
of  the  left  aorta,  and  to  that  of  the  pulmonary  artery.  With  the 
developement  of  septa  in  the  bulbus,  there  proceeds  a  like  change 
in  the  ventricle  itself,  but  it  does  not  reach  the  condition  of  a 
complete  '  septum  rentriculorum '  until  the  ciocodiUan  type  of 
H»matocrya  is  attained  (figs*  339,  340). 

The  substitution  of  kidneys  for  Wolffian  bodies  is  preceded  by 
an  enlargement  of  the  latter,  fig.  443,  f,  at  their  middle  part, 
with  attenuation  of  their  ends :  the 
true  kidneys  begin  to  be  formed  at 
the  upper  medial  part,  and  their  uri- 
niferoua  tubes  are  larger  aiid  more 
convoluted.  The  genital  organs 
appear  as  a  natrow  white  band  upon 
the  ventral  side  of  the  Wolffian  body. 

The  developement  of  the  brain 
closely  resembles  that  in  the  Fish 
(pp.  604,  607),  but  it  soon  bends 
down  at  a  stronger  angle  with  the 
myelon.  The  cerebellar  fold  is  first 
distinguishable ;  afterwards  the  de- 
flected anterior  part*  of  the  encepha^ 
Ion  becomes  divided  into  mesen* 
cephalon,  cerebmm,  and  olfactory 
lobes,  and  the  cerebrum  speedily 
attains  the  superiority  of  size  which 
distinguishes  the  brain  of  the  Reptile  from  that  of  the  Fish.  The 
pineal  i^huid  shows  a  large  proportional  size  in  the  embryo  Turtle, 
as  does  also  the  ^  thalamus  '  or  lower  lobe  of  the  mesencephalon, 


443 


Digitized  by  Google 


Ga4 


AISTATOMY  OF  V£BT£BRAT£S. 


444 


in  which  the  optic  nerves  chiefly  orijuinate :  the  ventricles  are 
large  iu  each  mass.  The  eye-ball  is  lunntM],  as  in  Fishes,  b)  tlio 
bcndinjT  of  a  sau;*afrc-like  bacr  about  tht;  U us,  and  the  coalescence 
of  tlie  ends  brought  into  contact.  The  cicatrix,  shown  in  fig.  443, 
soon  disappears.  The  capsule  is  next  diflerentiated  from  the  lens 
proper.  The  eye-ball  is,  at  firsty  unprotected,  as  in  Fishes ;  but 
the  contiguous  skin^border  begins  to  encroaob  upon  its  fore  part, 
with  modified  growth,  to  form  the  eyelids. 

After  the  derelopement  of  the  UbTrinth  from  the  primitiTe 
e«r-capeule»  a  tympanic  cayitj  is  formed,  in  which  the  *  stapes ' 

appears  as  a  short  thick  cartalaginons 
cylinder  in  the  Chelonia,  in  which  the 
'meatus  auditorius'  broadens  outwazds 
to  a  trumpet  shape,  which  it  retuns.  In 
tlic  0]>hidia  tlie  *  stapeft,'  fig.  444,  B,  18 
Bimilarly  deyeloped.  i udependently  of  the 
tympanic  and  maiidilmlar  (or  so-called 
Meckers)  cartilaf^e,  ib.  dy  as  shown  by 
Katlikf^,  in  Natrix  torquata.  The  nosirils 
ap])ear  as  deep  depressions  at  the  fore  end 
of  the  head,  the  margins  of  which  become 
incurved,  and  the  bottom  of  the  sac  is 
produced  into  a  canal  communicating  with 
the  mouth. 

In  and  from  the  membrane  of  the 
notochord,  continued  along  the  basis  cranii,  is  developed  the 
cartilage  of  the  basi-presphenoid,  blending  laterally  with  the 
ear-capsules:  the  basal  cartilage  bifurcates  anteriorly,  and  re- 
unites surrounding  the  hypophysial  fissure ;  it  is  then  continued 
singly  forward,  and  expands  anteriorly  in  connection  with  car* 
tilaginous  plates  from  which,  in  Chelonia  and  Ophidia,  the 
profronto-nasal  bones  are  developed.  In  Lacertilia  the  large 
♦  lacrymal  *  bones  j^row  from  the  same  embryonal  cartilage. 
Behind  these  furcniost  represeiuinivrs  of  ncnrapophyses  are 
three  pairs,  more  clearly  showing  tin  nonra]i('|ili\ sial  characters: 
the  pair  resting  on  the  bifurcated  presplu'iiouial  part  of  the 
basal  cartilage,  in  relation  to  the  optic  nerves,  becuiiie  *  orbito- 
sphenoids ; '  *  the  next  pair,  in  relation  to  the  trigeminal  nerves, 
situated  anterior  to  the  '  ear-Ksapsules,*  become  the  'alis[)he- 
noids;''  the  pair  behind  the  ear-capsules,  resting  on  the 
basioccipitai,  become  the  ex-  and  par-occipitals.*    Thus  the 

'  occxxx.  ltd.  vii.  fig.  1 7,yi  •  vordcrer  Kcilbeii»llugeL'    '  lb.  e, '  liinterer  Keilbeiuflugel. 

•  Ik  ^  •  Seitentlwil  dM  Hmterhavptbeifics.* 


HibiuI  urcbei  of  maltUD ;  mdIhto 
Sittke.  ooouk. 
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neural  arches  of  four  vertebral  segments  are  plainly  indicated  in 
the  devclopcment  of  the  reptilian  cranium.  The  hajmal  arches 
make  their  first  aj)pearance  as  pairs  of  slender  rib-like  bones  : 
the  foremost,  fig.  444,  a,  becomes  the  palato- maxillary  arch  ;  *  tlie 
next  early  bHows  more  clearly  its  divifiion  into  the  pleur-  and 
hflBin-apophysial  parts  of  the  tympano-mandibular  arch,  ib.  b ;  the 
third,  ib.  c,  is  the  hyoid  arch:  the  fourth  has  no  longer  the 
cephalic  relation  which  it  shows  in  Fishes ;  and  the  four  neura- 
pophysea  are  matched  below  by  only  three  htemapophyBes  in  the 
reptiUan  cranium. 

In  the  OYiparouB  Snakes,  Nairix  torquata,  e.g.,  a  eertun 
progress  in  the  deyelopement  of  the  embryo  is  found  to  have 
been  made  when  tiie  egg  is  laid,  and  the  rest  is  completed  and 
the  young  extricated  in  the  course  of  about  two  months,  sooner 
or  later,  according  to  the  surrounding  temperature. 

WTien  developement  has  advanced  to  the  formation  of  the 
amnios  about  the  embryo,  the  head  is  distinct,  and  shows  the  eye- 
ball and  ear-sac ;  also  tlic  maxillary  and  mandibular  processes  and 
the  beginning  of  the  hyoid,  with  the  intervening  dei)resBions,  mis- 
called *  branchial  clefts:'  the  heart,  as  a  sigmoidally  bent  tube, 
fills  the  concavity  between  the  frontal  process  and  the  chest: 
the  allantois  has  protruded,  as  a  globular  vesicle,  about  the  size 
of  the  head ;  and  beyond  its  emergence  the  tail  forms  a  angle 
spiral  coil :  the  vascular  area  on  which  the  vitelline  vessels  ramify 
covers  half  the  food-yolk.  The  long  trunk  of  the  Serpent  grows 
in  a  series  of  decreasing  spirals,  and  when  five  or  six  are  fcmned, 
liie  m^timent  of  the  liver  and  the  primordial  kidneys  are  dis- 
cernible. Fig.  444  shows  the  embryo  at  this  period  magtdfied 
four  times:  a  is  the  amnios,  b 
the  allantois,  d  its  tubular  stem, 
produced  from  the  cloaca,  or 
*  urachus  : '  the  front  view  of  the 
head  shows  the  *  frontal  process,' 
o,  and  the  bases,  w,  of  the  palato- 
maxillary hoemal  arch.  The  pri- 
mordial kidnevs  are  remarkable 
for  their  length:  c  indicates  a 
portion  of  the  vitellicle.  With 

Ihe  dilatation  of  the  fore-part  of         naa^i^n^^^^  «««xx. 
the  alimentary  canal  indicating 

the  stomach,  a  small  appendage,  the  pancreas,  appears,  marking 
the  beginning  of  the  intestine.   The  lungs  are  next  seen  as  a 

*  cocxxx.  taf.  vii.  fig.  1 1,  e, '  Oberkiefnr.' 
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Bymmetncal  pair  of  longish  simple  aacB,  extendbig  firam  ilie 
pharynx  on  eiidi  side  of  llie  cBflopliflgiis  to  tiie  b^inniiig  of  the 
liver :  the  left  dlviaoii  80011  begins  to  exceed  the  right  in  length, 
and  then  seem?  to  monopolise  the  power  of  growth.  The  common 
stem  or  neck  of  the  puhii<mary  sacs  elongates,  contract.^,  and 
begins  to  sliow  traces  of  the  transverse  cartilages :  and  at  about 
the  latter  tliird  f>f  the  developemental  [>criod  the  right  lung  appears 
a.«  a  mere  appendage  to  the  beginning  of  the  left.  The  appear- 
ance of  malpighiao  bodies,  as  minute  red  points  on  part  of  the 
Burface  of  the  primordial  kidneys,  is  the  first  indication  of  the 
developement  therefrom  of  the  ludneys:  these  grow  between 
the  j»rimordial  kidneys  and  the  vertebra  at  the  hindmost  end  of 
the  abdominal  cavity.  The  testis,  or  ovary,  is  differentiated  from 
the  yentral  suiface  of  the  fore-part  of  the  primordial  glands :  at 

one  period  of  developement  the  primor- 
dial dnets  ooeidst  with  the  sperm-duct 
and  ureters.  Four  or  five  ducts  emerge 
firom  the  liver  and  unite  into  a  com- 
mon one  before  communicating  with 
the  intestine  ;  a  similar  duct,  proceed- 
ing from  the  common  one,  expands  at 
its  opposite  end  into  the  gall-bladder. 
This  remains  near  the  pylorus :  the 
hepatic  ducts  elongate  as  the  intestine 
recedes  on  the  growth  of  the  snake. 
The  spleen  first  appears  as  an  append- 
age to  the  narrow  end  of  the  pancreas. 
In  the  male  embryo,  the  two  bifurcate 
penes  prqjeot  from  the  cloaca  before 
the  period  of  extrication. 

Figure  446  shows  the  posterior  half 
of  the  embryo  of  the  Viper  at  a  late 
period  of  developement.  The  yolk 
bag,  a,  is  much  reduced  in  size,  but 
is  not  yet  taken  into  the  al)dominal 
cavity  ;  b  is  the  portion  of  the  amnios 
adherent  to  the  vitellicle ;  c  is  the 
sliort  pedicle,  including  part  of  //,  the 
ductus  vitcllo-intestinalis,  which  as- 
cends to  terminate  at  between  the 
longitudinal  folds  of  the  mucous  mem- 
brane of  the  small  intestine,/.  The  continuation  of  the  intestine  to 
the  cloaca,  /,  is  shown  at  y ,  A ;  the  ovaria  at  i,  t ;  the  kidneys  Btk,L 
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Tltenide  of  a  Tlper  at  •  nioirB  ■dnneed  period,  ihivwtnv  lb* 
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In  figure  447,  the  Titel- 
licle  of  a  Viper,  at  a  more 
advauced  period,  shows  part 
of  the  food-yolk  entering 
the  al)dominal  cavity,  at  a: 
the  ductus  vitcllo-intesti- 
iialis,  d,  is  reduced  to  a 
thread :  (/  is  the  intestine, 
and  k  the  kidney. 

Figure  448  shows  the 
body  of  a  Viper  just  before 
the  period  of  eztrioation 
from  the  egg-ooyerings; 
the  parietee  of  the  abdomen 
are  partly  removed  to  show 
the  vitellide,  b,  which  has 
now  become  inclosed  in 
that  cavity,  with  aUnost 
C(»nii)lcte  obliteration  of  the 
umhilical  cicatrix:  a,  the 
remains  of  amnios  and  al- 
lantois :  </,  the  much  short- 
ened ductus  vitello-intesti- 
nalis:  y,  the  liver:  ff,  the 
stomach :  f,  the  duodenum: 
Hf  the  small  intestine :  the 
other  letters  indicate  the 
same  parts  as  in  the  pre- 
ceding figures. 

The  grayid  Viper  is  more 
than  usually  sluggish,  and 
loves  to  bask  in  the  hot 
sunshine,  turning  her  belly 
as  {£  to  court  the  aid  of  the 
extraneous  warmth  in  ac- 
celerating tlie  internal  in- 
cubation of  licr  Cixsrs. 

Figure  449  shows  the 
egg  and  embryo  of  the 
Monitor  Lizard  near  the 

period  of  extrication  :   a  is  lkHlyaf»VllK>rjuf.ttKforeIttoli»tched.  xtni. 

the  remnant  of  the  food-yolk :  b  the  amnion  laid  open  to  show  the 
embryo,      its  long  trunk  and  tail  are  packed  in  spiral  folds  as 
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in  tlie  embryo  Serpent:  eie  tbe  leathery  and  partially  calcified 
cgg"8h^  An  embryo  Lizard^  at  an  earlier  period  of  develope- 
ment,  is  shown  in  fig.  443. 

Hunter  left  the  fuilowing  preparations  illustrative  of  the 

developement  of  the  Cro- 
codile. No.  3364  shows  the 
calcareous  outer  crust  of 
the  inner  'membrana  puta- 
miniB*  of  the  egg :  No.  3365 
shows  the  attachment  of  the 
yascnlar  allantoisto  that  shell 
membrane  in  an  embryo  in 
whichpartof ihe  yolkbasbeen 
reoeiyed  within  the  abdomen. 
In  No.  3366  the  hmder  half 
of  the  Crocodile  is  dissected 
to  show  the  condition  of  the 
vitelline  and  allantoic  sacs  at 
the  close  of  fcrtal  develope- 
ment: the  vitcllicle  presents 
an  irregular  lobated  fonn, 
and  its  short  and  narrow 
duct  communicates  with  the 
small  intestine  a  little  below 
the  dttodennm :  the  allantois 
communicates  with  the  lower 
and  fore  part  of  the  cloaca 
by  means  of  a  long  and  slender  duct  homologous  with  the  uradhus : 
but  no  part  is  dilated,  as  in  certain  Lizards,  to  form  the  urinary 

bladder.  In  No.  3370  is  shown  the 
vitcllicle,  after  inclusion  within  the 
abdominal  walls  ;  it  is  much  reduced 
in  size,  and  its  contents  are  hard  and 
Strinory. 

The  period  of  externa]  inoubatinn 
by  the  action  of  the  sun's  rays  upon 
the  sand-nest  of  the  efifrf^  of  the 
Turtle  (Chelone  Midas)  has  been 
ascertained  to  be  seven  weeks. 

Figure  460  shows  the  embryo 
of  a  Snapping  Turtle  {Chefydra 
serpentina)  from  an  egg  laid  June  21st  and  opened  September  21st 
of  the  same  year.  The  amnios  is  cut  away:  c  shows  the^  area  vascu- 
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losa,'  ^vith  the  omphalo-mesenteric  vessels  ;  h  is  part  of  tlie  allantois 
with  the  allantoic  or  *  umbilical '  vessels,  i.  The  outline  of  the  cara- 
pace is  just  marked  on  the  back  of  the  embryo,  and  the  proportion 
of  the  vertebral  column  not  so  modified  appears  to  be  greater,  as 
is  its  resemblance  to  the  type-form  of  Reptile,  than  in  the  adult. 

The  condition  of  the  carapace  and  the  outward  form  of  a  Fresh- 
Water  Tortoise  (Emys)  is  shown  in  figure  451.  The  amnios,  a,  is 
turned  back  to  show  the  posi- 
tion of  the  limbs  and  head  in 
the  egg :  6  is  the  part  of  the 
allantois  ;  c  the  remnant  of  the 
yolk.  The  central  opening  of 
the  plastron,  which  is  perma- 
nent in  the  marine  Cheloniay 
is  seen  at  this  period  in  all  the 
order,  but  is  quickly  filled  up 
in  the  land  and  fresh-water 
species.  The  chief  speciality 
in  the  developement  of  the 
scaled  Reptiles,  compared  with 
efvch  other,  relates  to  that  of 
the  carapace  and  plastron  of 
the  Oielonia  :  and  this  has 
been  explained  at  pp.  557-9, 
and  illustrated  in  figs.  369-72. 

When  the  Turtle  is  hatched, 
the  bones  of  the  head  show 
different  degrees  of  ossification. 
The  premaxillary  and  preman- 
dibular  are  most  advanced  for  the  purposes  of  feeding ;  the  maxil- 
lary, the  back  part  of  the  mandible,  the  prefronto-nasal,  frontal, 
and  parietal  come  next  in  hardness.  The  superoccipital  shows  an 
outer  layer  of  bone,  the  rest  being  juristic ;  the  basioccipital  and 
basisphenoid  begin  to  be  ossified  from  the  centre ;  the  alisphenoids 
and  exoccipitals  are  still  cartilaginous. 

The  limbs  begin  to  show  the  digital  divisions  soon  after  the 
carapace  is  outlined,  and  the  cartilages  of  the  metacarpals  and 
metatarsals  are  first  discernible ;  the  phalanges  are  composed  of 
compacted  polygonal  cells  at  near  the  term  of  incubation,  which 
then  become  '  cartilage  cells,'  widely  divided  by  blastema.  The 
long  bones  of  the  limbs  show  a  thin  outer  crust  of  bone  inclosing 
cartilage,  which  is  progressively  ossified,  solidifying  the  shaft, 
without  subsequent  excavation  of  any  naedullary  cavity. 
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In  the  cold-blooded  reptOes,  batdied  by  external  heat,  indepen- 
dently of  incubation,  the  course  of  derelopement  may  be  inter- 
rupted for  longer  periods,  without  hurt  to  the  embryo,  than  in  the 
warm-blooded  Qripara.   Agassix  states  that  in  Testudinata  the 

common  period  of  hatching  may  be  *  postponed  for  months.' 

In  Snakes  and  Lizards  a  sharp  tooth  is  developed  iu  the  pre- 
maxillary  ui"  the  embryo,  towards  the  cloac  of  incubation,  where- 
with they  cut  through  the  tough  egg-blit  11.*  The  operation  of  this 
transitory  and  purposive  weapon  has  been  ol).served  by  Weinland 
it  totally  disappears  in  the  adult  of  iii<'>t  (  )])liidia.  For  )>reaking 
througli  tlie  more  brittle  shell  iu  Chelouia  liie  embryo  is  provided 
with  a  sort  of  horn  or  hard  excrescence  above  the  end  of  the  upper 
jaw:  this  afterwards  disappears.  In  the  Crocodilia  tlie  snout  of 
th(>  nearly  hatched  young  is  sufficiently  hard  to  break  the  egg- 
shell ;  but  there  is  no  distinct  tubercle,  nor  any  precodousiy 
developed  premaxillary  tooth.' 

*  ooozxxvi.  *  oooxxxyu  •  coc.  p.988. 
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